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SOURIS RIVER BASIN PROJECT
SOURLS RIVER, NORTH DAKOTA

GENERAL. PROJECT REPORT

SYLLABUS

The authorized Souris River Basin project is a flood control project for
urban and rural reaches of the Souris River in North Dakota. Tne
project involves flood control features in Canada and the United States.
Features in Canada include flood storage in Alameda and Rafferty
reservoirs in Saskatchewan, Canada, and the operation of a proposed
Boundary to Rafferty reservoir diversion and the existing Boundary Dam
for flood control purposes in North Dakota. Features in the United
States include modification of the gated outlet structure at the
existing Lake Darling Dam for flood control; mitigation to U.S. Fish and
Wildlife Service for project-related impacts; compensation to adversely
impacted properties in reaches impacted by project operation in North
Dakota and Manitoba; and a water control plan to release flood storage

safely downstream.

The purchase and operation of flood storage in Saskatchewan is a joint
effort between Canada and the United States. When construction is
completed in 1991, the project will provide water supply and flood
control benefits to the Province of Saskatchewan, provide 100-year flood
protection for the city of Minot, North Dakota, and significantly reduce

flood damages along the main stem of the 3ouris River in North Dakota.




SOURIS RIVER BASIN PROJECT
SOURIS RIVER, NORTH DAKOTA

GENERAL PROJECT REPORT

PERTINENT DATA

Project Authorization - 1986 Water Resources Development Act, Public Law 99-

662, approved 17 November 1986.

Project Purpose - Flood control.

Project Location - Souris River, Saskatchewan, Canada, and North Dakota,

USA.

Rafferty Dam and Reservoir

Drainage Area (sq. mi.)

Total

Effective Catchment Area

Controlling Elevations

Conservation pool
Reservoir design pool

Reservoir maximum pool

Reservoir Design Pool Surface Area

Conservation pool

Total flooded area

2,262 (5,861 sq km)*
941 (2,437 sq km)*

1806.10 ft (550.5 m)
1817.59 ft (554.0 m)
1817.59 ft (554.0 m)

12,050 acres (4,800 na)
15,400 acres (5,230 na)

% Figures nave been changed. Revisions will be provided by Souris Basin

Development Authority.




Storage Volume (acre-feet)
Conservation pool (elevation 550.5 M) 356,400 ( dam3)*®
Maximum drawdown (elevation 547.5 M) 247,500 ( dam3)'
Design pool (elevation 554.0 M) 513,000 ( dam3)*

Maximum flood control storage
(elevation 547.5-554.0 M)

Dam Fea* -~es

Embankment lengtn

Embankment crest elevation

265,500 ( dam3)#*

2,100 ft (640 m)*
1824.1 £t (556.0 m)*

Spillway crest elevation (service and emergency) 1804.46 ft (550.0 m)*
Spillway length (service and emergency) 49.21 ft (15 m) 722 ft (220 m)*

Qutlet works

Spillway
Number of gates

Size of gates
Crest elevation
Crest length (net)

Design discharge

Qutlet Works

Type
Number of conduits

Design discharge

One low level modified horseshoe®

9.84 ft (3 m) high 4.92 ft *
(1.5 m) radius. *
Three*

14,76 x 13.12 ft (4.5 x 4.0 m)*
1804.46 ft. (550.0 m)*

39.37 ft (12 m)*

7,770 cfs (220 m3/s)*

Low level conduit controlled by slide gate?
1%

2,300 cfs (65 m3/5)*




Alameda Dam and Reservoir

Drainage Area (sq. mi.)

Total 2,008 sqm (5,203 sq km)
Effective catchment area 763 sqm (1,976 sq km)

Controlling Elevations

Conservation pool 1883.20 ft (574.0 m)
Reservoir design pool 1899.61 £t (579.0 m)
Reservoir maximum pool 1899.61 £t (579.0 m)

Reservoir Design Pool Surface Area

Conservation pool 3,300 acres ( hd
Total flooded area 5,470 acres (2,150 ha)
Storage Volume (acre-feet)

Conservation pool (elevation 574 M) 78,300 ( dam3)*
Maximum drawdown (elevation 569 M) 37,140 (47,000 dam3)®
Design pool (elevation 579 M) 148,660 (177,000 dam3)*
Maximum flood control storage

(Elevation 569-579 M) 111,600 (130,000 dam3)#

Dam Features

Embankment length 3,940 ft (1200 m)
Embankment crest elevation 1902.9 ft (580 =)
Spillway crest elevation (service and emergency) 1872.70 ft (570.8 m)
Spillway length (service and emergency) 131.23 ft (40.0 =m)
Outlet works Jne low level circular

conduit 2.3 m iiameter




Spillway

1 Number of gzates
Size of gates
Crest elevation
Crest length (net)

Design discharge

-v‘"._

Qutlet Works

Type
Number of conduits
Conduit size

( Design discharge

Boundary Dam and Reservoir

Boundary Diversion Channel to

Rafferty Reservoir

Lake Darling Dam and Reservoir

Drainage Area (square miles)

Total
Primary contributing
Secondary contributing

Noncontributing

Controlling Elevations (feet)

Conservation pool
Reservoir design pool

Reservoir maximum pool

Six

18.04 x 19.69 ft (5.5 x 6.0 m)
1872.70 £t

108.27 £t (33.0 m)

2,130 cfs (650 m3/s)

Low level conduit controlled by slide gates
Not available
Not availabple

Not available

Data to be provided by SBDA

Data to be provided by SBDA

9,166
3,400
4,630
1,130

1597
1601
1601




Reservoir Design Pool Surface Area

Conservation pool
Total flooded area

Storage

Conservation pool (elevation 1597)

Maximum drawdown (elevation 1591)

Design pool (elevation 1601)

Maximum flood control storage (elevation 1591 - 1601)

Existing controlled storage (elevation 1598)

Existing Dam

Embankment length

Embankment crest elevation

Spillway crest elevation (service and emergency)
Spillway length (service and emergency)

Qutlet works

Modified Dam Outlet Works

Type
Number of conduits
Conduit size

Design discharge (W Elevation 1591)

Levee and Channel Modification

Burlington to Minot

Design capacity
Total length of levees

Channel modifications

11,300
13,000

Volume (acre-feet)

110,000
53,000
158,600
105,600
121, 600

3,700 ft
1606
1598 and 1602

320 ft and 250 ft

Two slide gates
12 ft Wx 10 ft H

Design data
not available
5,000 cfs

5,000 cfs
5.4 miles

2.0 miles




Sawyer

Desizn capacity

Total length of levees

Velva

Design capacity

Total length of levees
Channel modifications
Channel cutoff
Channel-barrier structures

Channel-control structure

Interior Drainage in Local Protection Areas

Minot to Burlington

Gated gravity outlets
Pumping stations

Intercepting storm sewer

Sawyer

Gated gravity outlet

Velva

Gated gravity outlet

Pumping stations

Intercepting storm sewer (new)

5,500 cfs
0.8 mile

14,700 cfs
1.9 miles
0.9 mile
0.5 mile

Two

One

Seven
Six
1,565 feet

One

Seven
One
3,870 feet



Rural Measures

Project Economics

Total first costs (October 1987)
Total average annual costs (5 1/8 percent)
Total average annual benefits (includes Velva)

Benefit-cost ratio

106 residences
downstrean

from dam

$73,736,000
4,111,100
7,312,800
1.3
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SOURIS RIVER BASIN PROJECT
SOURIS RIVER, MNORTH DAKOTA

GENERAL PROJECT REPORT

THE REPORT

The purpose of this report is to document tne autnorized project and
impacts. Several features of this project are common with the 4-foot
raise of Lake Darling project and have been analyzed as part of tne
authorization for the Lake Darling Project. Features common to the
Souris River Basin project and the Lake Darling project are shown in
Table 1 and discussed in detail in Design Memorandum No. 3, General-
Project Design Supplement No. 3, Lake Darling Flood Control Project,
Souris River, North Dakota, December 1984, revised July 1985, and
related design memorandum and reports. Features that have been modified
or added as part of the 3ouris River Basin project will be discussed in

detail in this report.

GENERAL

The Souris River Basin project is tne third phase of the total flood
control plan for tne Souris valley in North Dakota. The channel
modification in Minot, which was authorized in 1970 and completed in
1979, was tne first pnase of construction. The Velva levee project,
Wnich was authorized in 1982 and scneduled for completion in 1987, is
the second phase of construction. In 1970, the Burlington dam project
433 authorized as the second phase of the flood control plan. However,
because of the controversial nature of the Burlington dam portion of the
project, a scaled down version was pursded by local interests. The
resulting action was the authorization in the 1382 Energy and Water
Development Appropriations Act of December 4, 1931 (Section 111 of
Public Law 97-38), to raise Lake Darling by approximately 4 fzet and to

implement upstream and downstream flood control measures. In addition,

R e Ly = W




Table 1
Souris River Basin Project Wnich Includes Common Features of tne
Lake Darling 4-Foot Raise Project and Saskatchewan Works

Saskatchewan Features:

Purchase Flood Storage in Rafferty Dam

Purchase Flood Storage in Alameda Dam

Purchase Operation and Maintenance of Rafferty, Alameda, Boundary
Dam, and Boundary to Rafferty Reservoir Diversion for 100-Year
Flood Protection at Minot, North Dakota.

Common Features of Lake Darling 4-Foot Raise:
Lake Darling Operation Plan
Lake Darling Outlet Works (1)

Refuge Structures:

Upper Souris Refuge

Provide Heaters/Actuators on Dam 96
Upgrade Dam 96 Gated Structure

Provide Water Supply to Ponds 96 A and B
Provide Water Supply to Pool 87

J. Clark Salyer Refuge

Provide Carp Control Barrier

Provide Heaters/Actuators on all Five Dams
Upgrade and Raise Dam 326

Upgrade and Raise Dam 332

Upgrade and Raise Dam 341

Add Low Flow Structure on Dam 320

Urban Levees:

Johnson's Addition

Brooks Addition

Talbott's Nursery

Country Club Acres and Robbinwood Estates
King's Court and Rostad's Addition
Tierrecita Vallejo

Sawyer

Renville County Park

Velva (Completed)

Minot Channel (Completed)

Rural Improvements and Flowage Zasements
Flood Warning System
Compensation to Manitoba

(1) The gated outlet works and appurtenant structures >f the existing
dam at Lake Darling will be redesigned and constructed to allow
operation for flood control.




the Senate Appropriations Committee, in report 37-265, Octooer 23, 1931,
iirected tnat the Corps of Engineers should take no further action to
construct the Burlington dam until expressly directed to do so by tae
Committee. The raise of the dam at Lake Darling, North Dakota, b5y
approximately 4 feet and the implementation of upstream flood control
measures has been placed in a deferred status following authorization of
the Souris River Basin project. On August 2, 1984, the Senate Committee
on Environmental and Public Works, 98th Congress, 2nd session adopted a
resolution which authorized the Corps to investigate the feasibility of
a Canadian multipurpose reservoir plan in which the United States would
purchase flood storage in Saskatchewan, Canada. Based on reconnaissance
3tudies completed in September 1986, the Corps recommended the
implementation of the Souris River Basin project which assumes the Minot
flood channel and levees at Velva are in place and fully operational.
The remaining portion of the plan includes the purchase of approximately
400,000 acre-feet of flood storage operation and maintenance in
Saskatchewan, modification of the gated outlet of Lake Darling Dam and

downstream flood control measures.

The 1936 Water Resources Development Act authorized the Souris River
3asin project and tne purchase of flood storage in Canada. If, however,
it is determined by the Corps that an agreement for flood storage with
Canada cannot be completed, future works will proceed according to
Section 111 of the 1982 Energy and Water Development Appropriations Act.

PROJECT AUTHORIZATION

Current authorization for the expanded Souris River Basin project is
included in 3Section 1124 of tae 1986 Water Resources Development Act,
Puplic Law 99-652, which was signed on 17 November 1336. The

authorizing language for the Souris River Basin project states:

3ec., 1124, (a)(1) On bvenalf of the United States, the
Secretary, in consultation with the Secretary of 3tate, 1is

authorized to cooperate witn governments in Canada to study




and to construct reservoir projects for storage in tne
Souris River Basin in Canada to provide flood control

benefits in the United States.

(2) Tne Secretary is authorized further to participate in
financing the storage referred to in paragraph (1) of this
subsection to a maximum contribution of $26,700,000 in the
event that only one reservoir, known as the Rafferty
project, is constructed in Canada, or to a maximum of
$41,100,000, in the event two reservoirs, known as the
Rafferty and Alameda projects, are constructed in Canada.
The amount of any such contribution shall be determined by
an allocation of costs, based on the proportionate use of
these projects for flood control in the United States and

water supply in Canada.

{b) Upon completion of the structure or structures in
Canada, as agreed upon between the United States and
governments in Canada, the construction of Burlington dam,
North Dakota, as authorized by Section 111 of the Energy and
Water Development Appropriations Act, 1982 Public Law 97-88;
95 Stat. 1138, shall no longer be authorized. Should the
Secretary determine tnat an agreement between the United
States and governments in Canada cannot be consummated, he
shall proceed with the work authorized by Section 111 of
Such Act, including raising the dam structure and including
storage capacity for flood control purposes, with such work
to be considered a non-separable element of tne flood
control project for Minot, North Dakota, authorized under
Section 201 of the Flood Control Act of 1965,

(¢) The Secretary is authorized furtner to make such
modifications as necessary to tne existing Lake Darling,
exclusive of the modifications authorized by Section 111 of

Tae Znergy and Water Development Appropriation Act, 13382,




L

for the purpose of effective operation of the project for
flood control, with such wWork considered to be a
nonseparable element of the flood control project for Minot,
WHortn Dakota, authorized under section 201 of the Flood
Control Act of 1965, and to operate and maintain the project
Wwith sucn modifications in a manner compatible with the

migzratory waterfowl-refuge purpose of the project.

(d) The non-Federal share of the cost of contributions to
governments in Canada, as authorized by this section, shall
be in accordance with title I of this Act for the amount
over $23,600,000. The total Federal cost of work authorized
by this section and by Section 111 of the Energy and Water
Development Appropriation Act, 1982, as modified herein, and

including related dam safety measures, is $69,100,000.

If agreement between tne United States and governments in Canada cannot
be consummated, the authorizing language for the scaled-down reservoir
project in the Energy and Water Development Appropriations Act 1932,
Section 111 of Public Law 97-88 (95 Stat. 1138) states:

The Chief of Engineers is, hereby, directed to raise the dam
at Lake Darling, North Dakota, by approximately four feet
and to implement upstream and downstream flood control

measures.
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LOCAL COOPERATION

By resolution dated July 19, 1969, the Ward County Water Management
Board agreed to sponsor a channel improvement project at inc- and to
meet the local cooperation requirements for an overall flood protection
plan. Wnen the Lake Darling project was authorized, it was recognized
that there was a need for a joint board representing the counties
affected by the project to serve as local sponsor. On August 13, 1982,
the Ward County Water Resources District provided a letter of intent to
accept the responsibilities as tne lead agency of a joint organization.
Tne letter indicated a willingness to work in good faith witn the
Administration of the United States in the planning and funding process

for the project.

On June 6, 1983, the representatives of tne Water Resource Districts for
Ward, Renville, McHenry, and Bottineau Counties and the Oak Creek
drainage area agreed to become members of a Souris River Joint Board for
flood control, wWnich would serve as a local sponsor for the project. The
Zeneral letter of intent to serve as a local sponsor was signed by their
president on June 14, 1983, and a letter verifying legal and financial
capability of the board to serve as local sponsor was provided on
February 3, 1984, In September 1984, the four counties signed the Joint
Exercise of Powers Agreement which formally established the Souris River

Joint Board.

Since the Secretary of the Army recommended separating the Velva feature
from the rest of the Lake Darling project, a separate local cooperation
agreement wWas drawn up for that feature. ?his local cooperation
agreement was signed by the local sponsor on 13 November 1984 and by the

District Engineer on 20 November 1934,

In August 1985, the Souris River Joint Board provided a letter of intent
o serve as tne local sponsor for participation in the Souris River
Baain project. In 3eptemper 1935, tne Joint Exercise of Power Agreement

Aas amended to give the Board the authority to provide local sponsorsnip
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and was amended in February 1987 to allow the Board to incur financial

ooligation and make payment of the local sponsor's share of the project

costs. Items of the local cooperation agreement for the project

include:

Provide without cost of the United 3States all lands, easements and
rights-of way, including suitable areas for borrow and disposal
jetermined by the Chief of Engineers necessary for construction.
Before the award of any construction contract, furniss to the
Government rights-of-entry to all lands required for tne

construction contract.

Provide twenty-five (25) percent of the cost of contributions to
governments in Canada over the term of construction for the amount
in excess of $23,600,000.

Provide twenty (20) percent of total nonstructural flood proofing

project costs for downstream rural improvements.

Hold and save the Government free from damages arising from the
construction, operation, and maintenance of all project features,
except for damages that are the fault of or are caused by tne

negligence of the Government or its contractors.

Operate, maintain, replace, and rehabilitate those portions of the
project transferred to the Board upon coupletion, in accordance with

regulations or directions prescriped by the Government.

Accomplisa or arrange for accoaplishment at no cost to the
Government of all alterations and relocations of buildings;
nighways; railroads; bridges (other than railroad bridges); storm
drains; utilities; cemeteries; and other facilities, structures, ard
improvements determined by the Government, to be necessary for
zsonstruction of the project (except for public utilities that pass

beneatn, tnrough, or over project structures and couid damage tae
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1.

12,

project if they failed and those associated with flood proofing

measures for rural improvements).

Prescribe and enforce regulations to prevent physical encroachment
on downstream constructed drainage channel capacities for regulation
of tne reservoirs, and, if drainage channel capacities or ponding
areas for interior drainage are impaired, provide substitute storagze
capacity or equivalent pumping capacity promptly witnout cost to the

Government.

Inform affected interests at least annually that the project will

not provide complete flood protection.

Provide guidance and leadership in preventing unwise future
development of the floodplain by use of appropriate floodplain

management techniques to reduce flood protection.

Hold and save the United States free from damages from water rights

claims resulting from construction and operation of the project.

Comply Wwitn the applicable provisions of the Uniform Relocation
Assistance and Real Property Acquisition Policies Act of 1970,
Public Law 91-646, approved January 2, 1971, in acquiring lands,
easements, and rignts-of-way for construction and subsegquent
maintenance of the project and inform affected persons of pertinent

benefits, policies, and procedures in connection with said act.

Comply with all applicable Federal and State laws and regulationms,
including Section 601 of Title VI of the Civil Rignhts Act of 1904
(Public Law 88-352) and Department of Defense Directive 5500.11
issued pursuant to it and published in Part 300 of Title 32, Code of
Federal Regulations, as well as Army Regulation 600-7, entitlea
"Nondiscrimination on tne Basis of Handicap in Programs and

Activities Assisted or Conducted by the Department of the Aray."




13. Require that the political subdivisions benefited by tne project
participate in the National Flood Insurance Program to maintain the
existing flood warning system in cooperation with the National
Weather Service and administer and enforce floodplain regulations in

accordance with State law.

14, Obtain all necessary State and local peraits for the construction

and operation of tne project.

INVESTIGATIONS

Reconnaissance investigations were conducted during the period October
1984 to August 1985 to determine the feasibility of a United States
purchase of flood storage in Saskatchewan, Canada, and the operation of
these flood storages for flood damage reduction in the United States.
Investigations prior to this study are discussed in Design Memorandun
No. 3, General, Project Design Supplement No. 3, Lake Darling Flood
Control Project, Souris River, North Dakota, Revised July 1985, The
reconnaissance investigation included a detailed hydrologic and economic
evaluation of several measures and plans and a preliminary evaluation of
tneir environmental and social impacts. Based on these evaluations, a
plan involviang the purchase of flood storage in Saskatchewan, Canada,
and compatible modification to the Lake Darling Project was recommended
for further study; a basis for purchase of flood storage in Saskatchewan
was established; and legislation authorizing the project was passed.
Funding of Saskatchewan featur2s is pending in Congress, and common
features of tne authorized Lake Darling project whicn are compatibple

witn the Souris River Basin project are being implemented.
Further investigations are needed to finalize agreements witn locals and

Canada and to design and construct common features from the Lake Darling

project and downstream works. Items to be considered are:

12




Q Compensation to properties adversely affected by project operation.

o Design and construction of gated outlet at Lake Darling.

o Modification of refuge structures in accordance witn mitigation
requirements.

o) Compensation of project impacts in Manitoba.

HYDROLOGY AND HYDRAULICS

GENERAL BASIN CHARACTERISTICS

The Souris River Basin encowmpasses 24,000 square miles in southeastern
Saskatchewan, southwestern Manitoba, and nortnwestern North Dakota. Of
the total area, 15,000 square miles (52 percent) are in Canada, and

9,000 square miles (38 percent) are in the United States.

The 3ouris River originates in Saskatchewan and flows southeast for 217
miles before entering the United States near Sherwood, North Dakota. It
continues southeast, passiag tnrough Minot, Sawyer, and Velva, then
flows northeast to Towner, North Dakota, where it gradually assumes a
northwest heading and reenters Canada near Westhope, North Dakota. The
river travels 358 miles from near Sherwood to Westhope and another 154
niles in Manitoba before emptying into the Assiniboine River, which
flows into the Red River of the North at Winnipeg, Manitoba. Important
tributaries of the Souris River are the Des Lacs, Wintering, and Deep
Rivers, Willow Creek, and Gassman Coulee in North Dakota and Moose
Mountain Creek and Long Creek in Saskatchewan. The Des Lacs River, with
a drainage area of 1,050 square miles, enters the Souris River 7 miles

upstream of Minot.
HYDROLOGIC DATA
Appendix A contains the operating plan and area capacity curves for tne

project, Hydrologic data and analysis of compatible Lake Darling

features are contained in prior reports.
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GEOLOGY AND SOILS

Thne Souris River Basin lies in the Drift Prairie section of the Central
Lowland physiographic province and in the Coteau Du Missouri, waica
forms the eastern border of the Great Plains physiograpnic province.
Four major geologic and topographic features further subdivide thess
ma jor sections. These are the Missouri Escarpment, ground-morainsz
plain, the lake bed of glacial Lake Souris, and the soutnwestern portion
of the Turtle Mountain. The Souris River valley upstream from Verendrye
is in the ground-moraine plain and was carved when the river was swollen
Wwith glacial meltwater. The existing condition in the valley is one of
a small stream in a prominent, oversized valley. Downstream from
Verendrye, the river valley is formed in the glacial Lake Souris area

and is a subtle feature that in places is barely perceptible.

Unconsolidated surface deposits in the basin are of two types: recent
alluvium and Pleistocene glacial deposits. Recent alluvium comprises
only a small portion of the surface materials and consists of clay,
silt, fine-to-medium sand with minor amounts of coarse sand, and gravel.
Significant alluvial deposits are restricted to the valleys of the
Souris and Des Lacs Rivers where they generally exceed 50 feet in
thickness. The glacial material consists primarily of morainal deposits
and sediments of glacial Lake Souris. Morainal deposits are composed of
an impervious, stony clay till with thin seams, lenses, and channels of
sand and gravel. The deposits of glacial Lake Souris range in thickness
from a feather-edge to more than 70 feet. Material in the Lake Souris
area is predominantly silt and moderately-to-poorly graded sand with

sand and gravel beach and otner near-shore deposits.

PLANS INVESTIGATED

Several flood damage reduction plans have been studied for tne Souris
River Basin. They are discussed in Design Memorandum No. 3, General
Project Design Supplement No. 3, Lake Darling Flood Control Project,

3ouris River, North Dakota, revised July 1985. Recent studies have




included consideration of past plans as well as plans Wnicn inczlide
flood control works constructed in the Souris River Basin in tne JUnited
States and Canada. Results of the investigation are presented in tne
August 1986 Reconnaissance Report, 3ouris River Basin Study. As part of
the reconnaissance investigation, the following measures wWere consiiered
separately and in compination as plans for reducing flood damages in tiae

United States.

MEASURES EVALUATED

o) 4-foot raise of Lake Darling and operation for flood control.

o) Modification of the existing Lake Darling Dam gates and operation

for flood control.

0 Purcnase of flood storage in the proposed Rafferty reservoir on tne
Souris River near Estevan, Saskatchewan, and operation for flood

control in the United States.

o Purchase of flood storage in the proposed Alameda reservoir on Moocse
Mountain Creek near Oxbow, Saskatchewan, and operation for flood

control in the United States.

o} Purchase of the flood operation of tne proposed Boundary diversion
channel near c£stevan, Sasxatchewan, between existing Boundary
Reservoir and the proposed Rafferty reservoir for flood control in

the United 3States.

o Purchase of tne operation of existing Boundary Dam on nong Creex

near Estevan, Saskatchewan, for flood control in tne United 3tates.

o) The construction of the levees in Minot, Nortn Dakota, to proviide up

to 100-year flood protection to the city of Minot, North Dakota.
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The study concluded that the combination of the following measures

offered the best flood damage reduction plan to tne United States:

Modification of the existing Lake Darling gates and
operation for flood control; purchase of flood storage in
the proposed Rafferty reservoir on the Souris River near
Estevan, Saskatchewan, and operation for flood control in
the United States; purchase of flood storage in the proposed
Alameda reservoir on Moose Mountain Creek near Oxbow,
Saskatchewan, and operation for flood control in the United
States; and purchase of the operation of the existing
Boundary Dam on Long Creek near Estevan, Saskatchewan, for
flood control in the United States.

PLANS SCREENED FOR FINAL CONSIDERATION

PLAN 1 - NO ACTION

The no action alternative was the base condition upon which the
effectiveness of all other alternatives was evaluated. It involved
reliance on existing floodplain management programs and no further
action other than possible expansion of existing programs. These
programs included flood storage provided behind Lake Darling Dam, the
Minot channel project, and by the Velva project, flood warning systems
and emergency protection measures, flood insurance, and floodplain
regulations. The base condition assumed that the U.S. Fisn and Wildlife
Service would upgrade Lake Darling Dam to meet current engineering
standards so that it can be reliably operated for flood control.
Operation of the dam was assumed to be similar to past operation. The
base condition also assumed that Saskatchewan would construct Rafferty
and Alameda dams to capture their rightful share of the basin's water
supply. With the authorization of the 4-foot raise of Laxe Darling,

this plan is the least viable of the three plans.
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PLAN 2 - LAKE DARLING FLOOD CONTROL PROJECT

The project involved a 4-foot raise of the existing Lake Darling Dam,
fish and wildlife mitigation measures, upgrading 3awyer and Velva and
six subdivisions between Burlington and Minot, and a combination of
structural and nonstructural measures for approximately 106 rural
dwellings between Burlington and the J. Clark Salyer Refuge. All of the
features below the dam would be designed to safely pass the 5,000-cfs
design flow from the dam plus local inflow below the dam. Lake Darling
Dam would control all floods up to the estimated 25-year flood level.
No further control would be provided over floods from the Des Lacs River
or from the drainage area around Minot. Thus, recognizing thne
probability of flows from all three sources exceeding 5,000 cfs at Minot
as an independent event, this plan would provide the city of Minot with
about 25-year flood protection. The details of the project are
contained in Design Memorandum No. 3, Lake Darling Flood Control

Project, Souris River, North Dakota, revised July 1985.

PLAN 3 - SOURIS RIVER BASIN PROJECT

The project contains many of the features of the Lake Darling flood
control project. Under this plan, flood control is provided by the one=-
time purchase of flood storage in Saskatchewan and eliminating the need
for the raise of the Lake Darling structure. Additional features
include modification of existing Lake Darling gate outlet and operation
for flood control, upgrading levees at Sawyer and six subdivisions
between Burlington and Minot, a combination of structural and
nonstructural measures for rural dwellings between 3herwood and
Westhope, North Dakota, modification of U.S. Fish and Wildlife
structures in the Upper Scuris and J. Clark National Wildlife Refuges,
and modification of a return flow agreement Wwith Manitoba. These
improvements would compliment the completed levee at Velva and channel
at Minot, Nortn Dakota. Flood storages would be operated for flood
control in tne United States and would control all floods up to the
estimated 100~year flood at Minot, North Dakota. All of the features




between Sherwood and Lake Darling would be designed to safely pass the
4,000 cfs design flow. As with the Lake Darling plan, all of the
features below Lake Darling Dam would be designed to safely pass tae

5,000 cfs design flow plus local inflow below the dam.
DESCRIPTION OF AUTHORIZED PROJECT
GENERAL

The Souris River Basin project is composed of the following general

features:

0 Purchase of flood storage, flood operation, and maintenance in

Saskatchewan.

o] Modification of the existing Lake Darling Dam gated outlets.

0 Flood protection and compensation for adversely impacted properties.

o Mitigation of impacts to fish and wildlife resources withn
construction of mitigation features in the Upper Souris and J. Clark
Salyer National Wildlife Refuges.

o A water control plan (operating plan) to safely release flood
storages which includes flood forecasting, operation instruction,
and planned maintenance of system works.

o} Compensation to Manitoba.

PURCHASE OF FLOOD STORAGE, OPRRATION, AND MAINTENANCE IN SASKATCHEWAN

Tne United States will purchase flood storage in Rafferty dam and

Alameda dam in Saskatchewan, Canada, for a maximum amount of $41.1

million (U.S. - October 1985). The purchase includes the operation and

maintenance of these storages by the Saskatchewan government far flood
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control in the United States in conjunction wWwith existing Boundary Dam
in Saskatchewan and existing Lake Darling Dam in North Dakota. Thae
objective of the flood control operation is to achieve up to 1-percent
chance flood protection at Minot, North Dakota. The purchased storages
and their respective elevation in each reservoir are shown in the

following table:

Table 2 - Storage Requirements

Boundary to

Lake Boundary Rafferty
Rafferty Alameda Darling Dam Diversion
(1) (2)
Total storage in
acre-feet 265,500 111,600 105,600 13,600 20,000
Starting pool 547.5m 569.0m 1,591 ft  1830.0 ft

Full supply level (FSL) 550.5 a 574.0 m 1,597 ft  1840.0 ft
Top of flood pool (TFP) 554.0 m 579.0m 1,601 ft  1840.0 ft

#Data changes will be provided by SBDA.

(1) No storage has been purchased for flood control purposes in Boundary Daa.
Saskatchewan has agreed to operate Boundary Dam for flood control purposes
when their water supply would not be compromised: that is typically large

volume runoff events.
(2) Tne operating plan for these storages 1s discussed in Appendix A.

Rafferty Dam

The Souris Basin Development Authority would plan, design, and construct
Rafferty dam and reservoir. The dam would be constructed approximately
6 kilometers northwest of Estevan on the Souris River. The dam would be
of homogeneous eartn fill construction with embankments having a side
slope of 5:1. The reservoir full supply level (FSL) has been
established at an elevation of 550.5 metres and -would inundate 12,050
acres. The maximum flood pool elevation of 554.0 metres has a volume of
513,000 acre-feet and a surface area of , acres. Jther general

data include:
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Dimensions:
Construction:

Reservoir:

Purpose:

Construction Time:

Alameda Dam

62 feet nign, 790 yards between riverbanks.
Earth filled, rock faced.
41 miles long at full storage level,

% Reservoir water to be used as cooling water
for Shand Thermal Station.

* Downstream flood control.

* Water supplies for Weyburn and Estevan.

* Irrigation for agricultural interests.

Two years: Spring of 1988 to fall of 1989,

The Souris Basin Development Authority would plan, design, and construct

Alameda dam and reservoir. The dam would be constructed approximately

15 kilometres upstream of the confluence of Moose Mountain Creek with

the Souris River.

At maximum flood level (579.0 metres), the reservoir

nas a volume of 111,600 acre-feet and surface area of 5,470 acres.

Otner general data include:

Dimensions:
Construction:

Reservoir:

Purpose:

Construction Time:

82 feet high, 1,500 yards between riverbanks.
Eartnfilled, rock faced.

15 miles long at full storage level.

®* Downstream flood control
* Recreation
* Agricultural irrigation

* Municipal water supply

Two construction seasons starting in 1939.

Jther important data on Rafferty and Alameda is shown in the pertinent

data summary in the front of this report.




Boundary Dam

Boundary Dam is an existing water supply dam (49,100 acre-feet) on Long
Creek tributary to the Souris River approximately 1 mile south of
Estevan, Saskatchewan. The reservoir is used for cooling water for a
thermal electric generating plant and for municipal water supply at
Zstevan. As part of the overall operating plan for Rafferty, Alameda,
and Lake Darling reservoirs, Boundary Dam may need to be operated during
extreme runoff events to assure 100-year flood protection at Minot,
North Dakota. During certain events, Boundary Reservoir will be drawn
down prior to spring runoff to control flows on Long Creek, provided
that there is "high probability" that the March to May runoff volume
Wwill be sufficient to restore Boundary to its operating full supply

level.

Boundary Reservoir and Diversion Channel to Rafferty Reservoir

The operation of the channel from Boundary to Rafferty reservoir and thne
operation of Boundary reservoir will be directed at minimizing the flood
peak on the Souris River below Long Creek in harmony with the provisions
of tne Rafferty, Alameda, and Lake Darling operating plan. As runoff is
stored in Boundary Reservoir, water may also be diverted to Rafferty
reservoir. When runoff commences, forecasts of the expected inflow will
be determined to attempt to minimize the peak flow on the Souris River
below Long Creek. The rate of diversion and the rate of outflow from
boundary will at all times depend on the elevation of Boundary

Reservoir.

MODIFICATIONS OF THE LAKE DARLING GATED OUTLET

Lake Darling Dam is an earth-filled structure about 37 feet hign (crest
elevation 1606 feet). The dam includes a 320-foot-long service spillway
(elevation 1598) on the left abutment, a 250-foot-long emergency
spillway on the rignt abutment (crest elevation 1632) and a two=-barrel

Zated low-level out.et works (elevation 1577). Modification at Lake




Darling Dam would include: replacement of the existing low-flow outlet
works witn a new conduit to allow operation of tnhe dam for flood control
purposes; and operation of Lake Darling dam in conjunction with Canadian
storages during floods in accordance with tne operation plan in Appendix
A. Gate operation during spring ice periods is a project requirement.
In addition, the existing spillway is not adequate to pass extreme flood

events. A dam safety analysis will be done in the near future.

FEATURES FOR PROJECT OPERATION

During flood events, the project operation requires the controlled
release of flood storages into the Souris River according to the
operating plan in Appendix A. The release from flood storage is
required to draw reservoir water levels down in a given year in order to
provide the same storage and protection for next year's flood event. In
the reacn between Sherwood and Lake Darling, controlled releases will be
operated for a maximum discharge of 3,200 cfs for floods up to the 50-
year flocd event and 4,000 cfs for floods greater than the 50-year flood
event., In the reach downstream from Lake Darling, controlled releases
Wwill be operated for a maximum discharge of 5,000 cfs until June 1 and

500 cfs thereafter at Minot.

In general, all ownerships adjacent to the Souris River in North Dakota
are benefitted by the project. However, portions of 3ome ownerships are
in the floodplain of the controlled releases specified by the operating
plan. Urban and rural homes in some of these ownersnips would be
flooded by the controlled reservoir releases. Features to protect or
compensate these ownerships for project operation include urban levees
to protect urban areas from the maximum controlled releases, a voluntary
program for providing flood protection for rural homes in the floodplain
of the maximum control releases, and purchase of flowage easements on
lands that would be flooded for significantly longer durations than
Wwould occur witnout the project. The following features have been

identified:




o) Urban levee improvements at:
- Sawyer, North Dakota.
- Six subdivisions between Burlington and Minot, Nortn Dakota:
Jonnson's Addition; Brooks Addition; Talbott's Nursery; Country
Club Acres and Robbinwood Estates; King's Court and Rostad's
Addition; and Tierrecita Vallejo.

- Renville County Park.

2 Flood proofing or acquisition of rural Nortn Dakota residences in

the floodplain of the maximum controlled releases.

o] Purchase of flowage easaments.

o) Modification of U.S. Fish and Wildlife Service structures in the

Upper Souris and J. Clark Salyer National Wildlife Refuges.

o Modification of the return flow agreement 4ith Manitoba

Urban Levee lmprovements

Permanent flood protection would be provided at Sawyer, tne six
subdivisions between Burlington and Minot, North Dakota, and Renville
County Park. The level of permanent flood protection would be pased on
the peak 4,000 ¢fs release plan between Sherwood and Lake Darling and
the peak 5,000 cfs release plan downstream from Lake Darling. The
alignment of existing emergency levees would be followed when possiole
and the levees brought up to Corps standards for permanent protection.
Tne cost for the levee construction and materials would be porne by the
Federal Government, and local interests would be-responsible for lands,

rights-of-way, relocations, and operation and maintenance.

The emergency levee systems would be upgraded to meet current
engineering standards for foundation stability and interior flood
control. They would be realigned and regraded to pass the release plan

peak flows. In places where levees are constructed betwWween the cnhannel




and adjacent development, the channel would be realigned and/or
structures relocated to permit proper design of levee slopes., Riprap
would be included where necessary to prevent erosion of tne channel and

tne riverward slope of the levee.

Major interior flood control facilities include gated gravity outlets,
permanent pumping facilities, temporary ponding areas, and intercepting
storm sewers. The gravity outlets and storm sewers would be reinforced
concrete pipe, and the gate structures would consist of a gatewell witn

a 3luice gate.

Rural Improvements

The proposed rural improvement feature involves several alternative
means of protecting rural nomes that would be affected by the controlled
reservoir releases. These alternatives include the following:
acquisition of the nome and relocation of the homeowner, construction of
ring levees, or elevating the home. Access roads would also be raised,
if necessary. Participation in this program would be voluntary. Flood
protection would be offered to homeowners if the lowest ground elevation
adjacent to their home is less than 1 foot above the computed water
surface profile corresponding to the maximum controlled reservoir
release rate, plus local inflow where appropriate. The design discharge
for this project feature is 4,000 cfs betwWween Sherwood and Lake Darling
and 5,000 cfs downstream of Lake Darling.

The Federal Government and local sponsor for the flood control project
would share the costs (30/20, respectively) of tne least expensive
alternative for flood protection of affected rural homes. This cost
sharing arrangement is in accordance with Puslic Law 93-25t1 for
nonstructural flood control measures. Homeowners could chocse a more
costly alternative if they are willing to pay the difference in cost.
if acquisition and relocation is the least costly alternative, tne
nomeowner would be eligiole for relocation benefits in accordance with

Public Law 91-646, Tne homeowner may also chocose to buy back the house




at salvage value and move it to higher ground at his own expense. 1If a
ring levee or elevating the home i3 the least costly alternative, the
homeowner could choose to relocate and receive monetary assistance equal
to the estimated cost of the least expensive alternative. However,
under tnese circumstances, the homeowner wWwould not be eligible for

relocation benefits under Public Law 91-646,

Flowage Easements

Flowage easements would be purchased on lands tnat could be flooded for
3ignificantly longer durations during the growing season witn the
proposed flood control project than without it., It is currently
anticipated that flowage easements would be purchased on lands inundated
at flow rates of 3,200 cfs upstream of Lake Darling and 500 cfs plus
appropriate local inflows downstream of Lake Darling. Rural homes
witnin a flowage easement area would be acquired unless it is less
expensive to provide flood protection through the rural improvements

program.

Mitigation of Project Impacts in the USFWS Upper Souris and J. Clark
Salyer National Wildlife Refuges

Project impacts would be offset by structural improvements to refuge
water control structures, spillways, and dams. The recently completed
evaluation of project impacts indicates the flood operation plan would
adversely affect wildlife habitat throughout the North Dakota reach of
tne Souris River. Flood storage in Canadian reservoirs and the
prolonged discharges in excess of existing conditions would damage
insitu habitat and adversely impact fish and wildlife refuge operation.
The following proposed measures in the Upper Souris and J. Clark Salyer
Refuges have been generally agreed to by the U.S. Fisn and Wildlife
Service (USFW3) to offset the adverse impacts of the project operation
plan and maintain continued refuge operation at a similar level of
productivity. Several improvements will be completed concurrently as

part of the UUSFWS's scneduled program to upgrade refuge structures.




Mitigation features in the Upper Souris Refuge:

- Provide heaters/actuators on Dam 96.

- Upgrade Dam 96 gated structure.

- Provide water supply to pools A, 3, C, pond 96 A and B8 and pool 87.
- Construct a levee around a portion of pool 87 and partial removal

of Dam 87 embankment.

Mitigation features in J. Clark Salyer Refuge:

- Provide carp control velocity barrier for large flows and
electric weir for low flows.

- Provide neaters and actuators on one gate at each of the five
structures.

~ Upgrade and raise Dam 326.

- Upgrade and raise Dam 332.

- Upgrade and raise Dam 341.

- Add low~flow structures on Dam 320 for improved circulation.

Heaters and Actuators: The operating plan will require the capability

to pass larger regulated flows tarcugh the refuge in early spring and
late fall. Current procedures for operating the gates in the spring and
fall involve time consuming manual labor for removal of ice, repair of

damage, and operation of screw-type hoists.
To insure the capability to regulate storage releases, neaters and
actuators (or motorized noists) on one of the three radial gates at each

refuge dam (Dams 96, 320, 326, 332, 341, 357) will be required.

Provide Water Supply to Ponds A, B, C and pools 87 and 96A: To improve

the ability to provide water to these areas, a continuocus piping system
from Lake Darling along the west bank of the Souris River would be
constructed to provide water to ponds A, B, and C and pools 87 and 96A.

The existing wildlife ponds could be more intensively managed with the




additional water supply to offset adverse impacts of the project

operating plan.

Partial Removal of Dam 87 Embankment and Construction of Levse:

Portions of Dam 87 embankment would be removed and replaced witn a
raised embankment along the east bank of tne Souris River. A 1U4Q-acre
marsh upstream of Dam 87 would be more intensively managed at a desired
rate level of 1581.0 feet and inflow rate of 25 cfs to offset project

flood operation impacts.

Carp Control Structure: An electrical carp control barrier would be

installed at Dam 357. The barrier Wwould prevent carp access to upper
reaches of the Souris River and thereoy prevent their destruction of

aquatic habitat and food for fish and waterfowl.

Upgrade Gated Structure on Dams 96, 326, 332, 341: The outlet structures

for dams 96, 326, 332, and 341 are in need of major repair and need to
be modified with neaters and actuators. Structures need to be upgraded
as a result of problems with uneven settlement, deterioration of
concrete, excessive vegetation growth, and embankment stabilization.
The project operation plan would impact these structures by providing
higher flows of longer duration during flood operation. The work at
each site would include replacing the existing gated structures, raising
tne crest elevation 2 feet, and stabilizing embankments and spillways to

withstand flood flows.

Add Low-Flow Structure on Dam 320 for Improved Circulation: A low-flow

outlet would be provided at Dam 320 to improve water circulation and

refuge management.

Compensation to Manitoba

The impacts of altered return flows in Manitoba are considered %to be
3imilar to or less than those evaluated for tne Lake Darling d-foot

raise project, A special task force representing botn countries was




established by the International Joint Commission to examine the Lake
Darling project impacts. The preliminary task force report indicates
that compensation of approximately $200,000 in a lump sum payment to tne
Canadian government would be adequate., A special task force is being
established to do additional studies to determine acceptable

compensation.

EVAPORATION SHARING

The apportionment of water between Saskatchewan and North Dakota is
determined in accordance with the provisions of Article IX of the
Boundary Waters Treaty, 1909, in accordance with the 1959 Interior
measure for the Souris River Basin. In general, the existing orders
state that, by the direction of the International Joint Commission, the
International Souris 3oard of Controcl will determine the volume of
natural runoff and the apporticnment of the natural runoff that must be
passed from Saskatchewan to North Dakota. In accordance witn the
existing treaty obligations and orders of the International Joint
Commission, Saskatchewan must pass 50 percent of the natural flow at

Snerwood to North Dakota.

In recognition of Saskatchewan's agreement to operate Rafferty danm,
Alameda dam, Boundary to Rafferty diversion, and Boundary Dam for flood
control in the United States, and to account for a sharing for increased
evaporation from Rafferty dam and Alameda dam under certain conditions
(reference Appendix A), North Dakota will provide Saskatchewan 10
percent of the natural flow as their share of the evaporation loss at
Rafferty reservoir and Alaueda reservoir. Under these conditions 40

percent of the natural flow will be passed to North Dakota.




OPERATION AND MAINTENANCE RESPONSIBILITIES

SASKATCHEWAN PROJECT FEATURES (RAFFERTY, ALAMEDA, AND BOUNDARY DAMS)

The operation and maintenance of Rafferty, Alameda, and Boundary Daas
would be a Canadian (Saskatchewan) responsibility. The structures are
owned, operated, and maintained by the Saskatchewan Water Corporation.
The annual operation and maintenance costs of the dams and reservoirs
and assurance that the structures were maintained to its standards would
be the responsibility of the Saskatchewan Water Corporation. Any costs
for inspections or maintenance required for Corps standards or more
sophisticated flood forecasting methods would be a Corps cost. No
additional costs have been identified at this time. Funding for
additional annual costs should be the responsibility of the Corps of
Engineers., U.S. costs for operation and maintenance of the structure

are included in the lump sum purchase agreement for flood storage.

Table 3
Summary of U.S., Flood Operation and Maintenance Responsibilities
By Project Feature
Feature Responsinhility

Lake Darling Dam Federal - COE

Jtner refuge structures
(Upper Souris and J. Clark 3alyer) Federal - FWS

Jtner features (including urban and rural
levees, access roads, and protection) Local sponsor

LAKE DARLING DAM

Tne operation and maintenance of the Lake Darling Dam is a Federal
responsibility, The structure is owned, operated, and naintained by the
J.3. Fisn and Wildlife Service. The structure is being upgraded for dam
safeaty purposes by tne USFWS using USFWS funds and for flood control

purposes3 using Corps of Engineers funding and design criteria.




—_— v~

Therefore, in addition to FWS standards for operation and maintenance of
the dam and Federal standards for dam safety, the Corps must be assured
that the structure is maintained to Federal standards. The annual
operation and maintenance costs will be nigner for post-project
conditions. Besides any additional inspections or maintenance required
for Corps standards, the gated spillway and more sopnisticated flood
forecasting methods will result in higher annual costs. Funding for
these additional annual costs will be the responsibility of tne Corps of

Zngineers.

UPPER SOURIS AND J. CLARK SALYER REFUGE STRUCTURES

There Wwill be additional costs associated with utilities needed for
operation of the gate actuators and heaters in each refuge. These costs
will be USFWS costs and are assumed to be offset by the savings in
reduced manual labor. Current conditions require the placement of balead
straw adjacent to the gates to prevent ice damage and to make it easier
to remove the ice in the spring. Also, many hours are required to
manually chip the ice away from the gates in the spring., With heaters,
the effort required to begin gate operation each spring would be
significantly reduced. Tne heaters would not operate throughout the
Winter, but ratner for a period of several weeks in late winter or
spring when the gates are to be adjusted. The carp control structure
would require electrical service. This cost would be borne by the U.S.

Fish and Wildlife Service.

DOWNSTREAM URBAN LEVEES AND RURAL FLOOD PROOFING

Local interests will be responsible for the operation of the pumping
station and all related gate closures on sewers, the installation and
removal of sandbags for closure structures, and the servicinz and
maintenance of equipment, structures, and related landscaping as
necessary. Operating instructions will be provided to the appropriate
local officials for completed portions of the project as these become

operable. This will ensure proper operation of the partially compieted
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project during the extended period required for construction of tne

total project.

HYDROMETEOROLOGICAL NETWORK

Operation and maintenance costs for a modified hydrometeorological
network have not been established at this time. Any increased U.S. cost
for this system will be estimated when Saskatchewan describes the
addition to the system in Canada as part of the Rafferty, Alameda
future. The operation of the Gassman Coulee system includes seasonal
preparation of precipitation gages; lubrication, cleaning, and
ad justment of instruments; cleaning and periodiec replacement of
batteries; charging of propane storage tanks for thermal generators;
changing of paper punch tape at the streamflow recorder; and record
maintenance. The staff required to operate the floodwarning system is
based upon part-time participation of full-time employees. Field
maintenance of remote stations may be performed incidental to otner

tasks.

RESERVOIR REGULATION

FLOOD FORECASTING

The project includes the use of the existing basin-wide hydro-
meteorological collection and distribution network, with modification,
to provide information to reservoir operating agencies for flood
operation. Agencies currently involved in the aetwork include the Water
Survey of Canada, the National Weather Service, the U.S. Geoclogical
Survey, and U.S, Fish and Wildlife 3ervice. In order for U.S. agencies
to operate in time for forecasting for flood control, the following
Saskatchewan gages need to be converted to real-time reporting: Mocse
Mountain Creek at Oxbow, Souris River at Glen Ewen, and Souris River at
Roche Percee. In addition, local gage readers would be nired to obtain
Weekly checks at Moose Mountain Creek at Highway 9 south of Carlyle,

Saskatchewan, and tne Souris River downstream of Dead Lake,
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Saskatchewan. An agreement between Saskatchewan, USFWS, and Corps will
address the responsibility of the forecasting network for Saskatchewan
and the United States. This information will be included as part of the
Water Control Manual for the project. Because of the flood threats of
the Des Lacs River at Gassman Coulee, two remote data stations whizn
include a precipitation gage and stream gage will be installed on
Gassman Coulee and two similar remote data stations will be installed on
the Des Lacs River to serve as a flood warning system for Gassman Coulee

and the city of Minot.

OPERATING PLAN

The operating plan (Appendix A) involves the coordination of releases
from flood storage in Rafferty dam, Alameda dam, and storage in Boundary
Dam in Saskatcnewan, Canada, with releases from Lake Darling Dam in
North Dakota to achieve ti-percent chance (100-year) flood protection at
Minot, North Dakota. Releases from Saskatchewan reservoirs will be
timed to meet a specific flow at the border (Sherwood gage). The flows
at the border will be determined based on flows at Minot, North Dakota,
and the level of Lake Darling. For the larger flood events, controlled
releases will not exceed 4,000 cfs in the reach between the border near
Sherwood and Lake Darling and 5,000 cfs between Lake Darling and Minot.
For smaller flood events, flows in these reaches will be substantially
less. For flood events up to 50 years, the following releases from Lake

Darling will be made:

0 Draw pool down to pre-flood target elevation as required for

predicted 30-day flood volume.

0 Follow target flow curve for peak flows at Minot, based on predicted

30-day flood volume.

o) Release at target release rate, minimizing releases over 5,000 cfs.
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o On or about 15 May (or when pool falls below 1600, whicnever is
later), cut back releases to 2,500 cfs or a lesser discharge
depending on timing, reservoir stage, and projected inflow of the

flood.

o By 1 June, cut back releases to 500 cfs until the ccnservation pool

level at 1597 is reached.

For floods in the range of 50 to 100 years, the 5,000 cfs release will
be extended beyond 15 May with a cutback to 500 cfs by 1 June and
releases will be increased during February and March of the following
year to achieve the required drawdown of flood storage. Lake Darling
would be operated for flood control in a manner compatible with the

migratory waterfowl refuge purpose of the reservoir.

RESPONSIBILITY OF OPERATION

Agreements which meet the requirements of Section 7, 1944 Flood Control
Act, will be drawn up between Canada, the Secretary of the Army, and the
U.S. Fish and Wildlife Service. The agreement between Canada and the
Secretary of the Army will address the responsibility of the
Saskatchewan Water Corporation's operation of Rafferty and Alameda dams
in accordance with the operating plan in Appendix A. The agreement
between the U.S. Fish and Wildlife Service will address the
responsibility of operating Lake Darling Dam for the Corps of Engineers
and tne U.S. Fish and Wildlife Service. In general, it is understood
that the Corps of Engineers would be responsiole for the operation of
wake Darling Dam during flood operation in accordance with the operating
plan in Appendix A and the U.S. Fish and Wildlife Service would have

responsibility at all other times.

In accordance with the 1986 Water Resources Development Act, the Corps
is directed to modify the Lake Darling project "for tne purpose of
effective operaticn of tne project for flood control” and "to operate

and maintain the project witn sucn modifications in a manner compatiZle




Wwitn the migratory waterfowl-refuge purpose of tne project." The Corps
recognizes that the initial purpose of the Lake Darling Dam is to
provide water supply to the Souris refuges and will operate tne
reservoir in such a manner as to minimize the impact of flood operation
on this purpose. Spring drawdown for flood storage would be 4done only
with certainty that the minimum inflow would be sufficien%t to restore
the lake to the normal conservation pool level following spring runoff.
The operating plan in Appendix A nas been fully coordinated wita tne

USFWS.

COST ESTIMATE

The cost estimate for the Souris River Basin project is summarized in
two parts: cost of United States works and cost of Saskatchewan works.
The cost estimate for U.S. Wworks does not include sunk costs for the
existing Minot channel and the Velva levee. Table 4 on the following
page identifies the estimated costs (October 1985) of the U.S. project

features and operating plan.

In accordance with the 1986 Water Resources Act, the cost of $41.1
million (October 1985) for Saskatchewan works was determined by an
allocation of costs based on the proportionate use of Saskatchewan
reservoirs for flood control in the United States and water supply in
Canada. The United States contribution to Saskatchewan was determined
by an allocation of costs based on the Use of Facilities method of
analysis, providing net benefits to the United States, and discussions
between Canada and the United States. The $41.1 million contribution to
Saskatchewan is equivalent to the total benefit to the United States
minus the cost for the United States features and’minus a net benefit of
$3.5 million. The $3.5 million net benefit is equivalent to the level

of net benefits for the 4-foot raise of Lake Darling.
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Table 4

Cost of Project Features and Operating Plan in United States

Project Feature

Project Costs ($1,000)

Qctober 1985 prices

FEDERAL

Project Features

Lake Darling Dam 2,500 (1)
Operation and Maintenance 1,000
USNWR - Downstream of Lake Darling Dam 2,455
USNWR - Upstream of Lake Darling Dam 2 (2)
JCSNWR 1,290
Manitoba Compensation 204 (3)
Hydrometeorological Instruments 156
Burlington - Minot Downstreanm 3,396
Sawyer Downstream 319
Rural Downstream (Lake Darling to Westhope) 4,500
Rural Downstream (Sherwood to Lake Darling) 0 (2)
Gassman Coulee/Hydrometeorological Data Network 260
Engineering and Design 1,800 (4)
Supervision and Administration 1,545 (4)
TOTAL FEDERAL 19,425 (5)
NON-FEDERAL
Surlington - Minot Downstream 1,366
Sawyer Downstream 141
Rural Downstream 2,593 (5)
Mouse River Park (Renville County Park) 3 (5)
TOTAL NON-FEDERAL 4,100
TOTAL PROJECT COST 23,525 (6)

Q)
(2)
(3)
(4)

Replacement of low-flow outlet structure.
No cost has been identified at this time.

Need/basis of this ccst may change based on storages in Saskatchewan.
Does not include sunk cost or costs for reconnaissance report,
operating plan, agreement, or NEPA documentation. Does include costs
for general design memorandum.

Federal and non-Federal cost may increase, based on compensation/
mitigation requirement of the operating channel betwWeen Sherwood and
Lake Darling.

Does not include Federal costs of $7,220,000 for dam safaty and FWd3
measures which are items of work required to be accomplished tozZetner
Alth the flood control wWork. Also, sunk costs of $5,580,000 for Velva
improvements are not included in tais amount.
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United States Contribution to Saskatchewan
(Costs in Millions of October 1985 Dollars)

Total benefits to the United States $68.1
Cost of the United States features _23.5
Total benefits minus U.S. features 44,6
Net benefits to the United States 3.5

Total U.S. contribution to Saskatchewan $41.1

The analysis, in coordination with Saskatchewan, reviewed an array of
alternative allocations of cost, and concluded that the most equitable
allocation would be $41.1 million. This amount represents the upper
limit of net benefits to the United States. Table 5 on page 35
summarizes the estimated Federal and non-Federal allocations of total

project costs in the United States and Canada.
BENEFITS

Benefits are measured as the difference in flood damage between without
project and with project conditions. Average annual flood reduction
benefits for the Souris River Basin project are $5,857,400. Flood
damage reduction benefits for urban, rural (which includes crop and
other agricultural damage, and transportation) are given in Table 6.
The Souris River Basin project is estimated to reduce average annual
damages from $7,205,800 without the project to $1,348,400 with the
project. As indicated on the table, this project is primarily an urban
protection project with 94 percent of the benefits attributed to urban

(83 percent for Minot) and 6 percent to rural areas.

Project Benefit Summary: Benefits for the proj2ct are summarized in

Table 6.
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Table 5

Zost of Project Features in Canada and the United 3tates

Project Feature

Project Costs ($1,300,

Jdctober 1385 prices

’:1/

FEDERAL

Project Features

Saskatchewan Storage, Operation, and Maintenance 36,700 (2)
Lake Darling Dam 2,500 (3)
Operation and Maintenance 1,000
USNWR - Downstream of Lake Darling Dam 2,455
USNWR - Upstream of Lake Darling Dam 0 (W)
JCSNWR 1,290
Manitoba Compensation 204 (53)
Hydrometeorological Instruments 156
Burlington - Minot Downstream 3,396
Sawyer Downstream 319
Rural Downstream (Lake Darling to Westhope) 4,500
Rural Downstream (Sherwood to Lake Darling) 0 W)
Gassman Coulee 260
Engineering and Design 1,800
Supervision and Administration 1,5U5
TOTAL FEDERAL 56,125 (6)
NON-FEDERAL
Saskatchewan Storage, Operation, and Maintenance 4,400 (2)(7)
Burlington - Minot Downstream 1,366
Sawyer Downstream U1
Rural Downstream 2,593 (6)
Mouse River Park (Renville County Park) 0 (6)
TOTAL NON-FEDERAL 8,500 (8)
TOTAL PROJECT COST 6l, 625

3)
(u)
(5)
(6)

(1)

(3)

Cost assumes Velva and Minot channel flood project has been completed
and is operational.

Payment to Saskatchewan for flood storage in Rafferty and Alameda Dams
and their operation in conjunction with Boundary Dam for U.S. flood
damage reduction.

Replacement of low-flow cutlet structure.

No cost has been identified at this time.

Need/basis of this cost may change based on storages in Saskatchewan.
Federal and non-Federal cost may increase, based on coapensation/
mitigation requirement of the operating channel between Sherwood and
Lake Darling. Does not include Minot's exchange rate/inflation
protection.

Represents 25 percent of project cost beyond the Lake Darling project.
$63.4 million - $45.9 million = $17.5 million added cost. $17.5 million
% 9.25 = $4.4 million.

Does not include exchange rate or inflation protection agreed to by city
of Minot.
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Table 6 ~ Project Benefits

Category Benefits (!

Urban (Velva not included) $5,520,700(2)
Rural

Agriculture 30,000

QOther Agriculture 47,700

Rural Residential 227,400

Transportation 31,600
Total $5,857,400

(1) Benefits are expressed in October 1985 price levels and
are annualized at 8-5/8 percent interest rate. The
present worth of the total benefits is $68.1 million.

(2) Of this, $4,852,300 are at Minot.

NED BENEFITS

By desizn, the net benefits of tne Souris River Basin project are
intended to equal those of the Lake Darling project (d4-foot raise). The
cost to the United States for a flood control project which includes
Canadian measures equals the cost to implement any features in the
United States plus a contribution to Saskatchewan based on the benefits
to the United States. The contribution to Saskatchewan ($41.1 million)
is equivalent to the total project benefits realized by the United
States minus the cost for the U.S. features minus a guaranteed net
benefit of $3.5 million (present wortn basis). In all cases, the net
benefits equal $3.5 million. This is the amount of net benefits for the
authorized raise of Lake Darling Dam and it was determined tnat any
other project involving a Canadian feature should generate at least tnis
level of net benefits. With regard to the definition of the NED project

(maximization of net benefits), all projects, then, are equivalent.
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Since all projects will generate the same level of net benefits, tne
project which is most complete i3 the one that provides the gresatest
level of flood protection. That project is the Souris River Basin
project which would provide 100-year flood protection at Minot, MNorth

Dakota.

PROJECT SCHEDULE

Saskatchewan's draft project master schedule (January 1987) for the
construction of Rafferty and Alameda dams is shown in Figure 2.
Submission of the EIS has been delayed which in turn has delayed project
approval to November 1987, Rafferty dam will be built over the summer
of 1988 to 1990 instead of 1987 to 1988, The Saskatchewan Power
Corporation has recommended that the last 2 years of construction of the
Rafferty dam proceed simultaneously with the construction of Alameda

dam.

The Corps draft master schedule (January 1987) for construction of
common Lake Darling features is shown in Figure 3. Submission of the
EIS is scheduled for August 1987 with the final record of decision
signed in July 1988. It is recommended that the construction of the
United States features parallel the construction of Saskatchewan
features. This will allow project operation at the completion of
construction of the Saskatchewan dams and take advantage of project

flood control benefits as early as possible.
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CONCLUSION

The Souris River Basin project is authorized in the Water Resources
Development Act of 1986. The project will provide 100-year flood
protection for the city of Minot, North Dakota, as compared to 25-year
flood protection with the Lake Darling project. The project also will
substantially reduce flood damages along urban and rural reaches of tne
Souris River between Sherwood, North Dakota and Westhope, North Dakota.
Completed works include a 5,000 cfs channel at Minot, North Dakota, and
a levee at Velva, North Dakota. Uncompleted work includes construction
and purchase of flood storage at Alameda and Rafferty reservoirs in
Saskatchewan, Canada; modification of Lake Darling Dam outlets for flood
operation; levee improvements at Sawyer, Renville County Park, and six
subdivisions downstream of Lake Darling Dam; rural improvements and the
purchase of flowage easements; mitigation measures; development of a
flood warning systems; and compensation to Manitoba for altered return
flows. Project feasibility is heavily dependent upon the United States'’
ability to meet the Province of Saskatchewan's construction scnedule and

cost-sharing requirements.

RECOMMENDATION

It is my determination that an agreement between the United States and
Governments in Canada can be consummated for payment to Canada for
construction of United States flood storage at Rafferty and Alameda
reservoirs in Saskatchewan, Canada, based on the study of the Souris
River Basin project in cooperation with Governments in Canada and the
local sponsor. 1 recommend that the autnorized Souris River Basin
project be implemented as a Federal project. Funds would be used to
participate in financing the storage in Canada for flood control in
North Dakota to a maximum contribution of $26,700,000 in the event the
Rafferty reservoir is constructed in Canada and to a maximum
contrioution of $41,100,000 in the event both Rafferty and Alameda

reservoirs are constructed in Canada and to finance modifications to the
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Lake Darling project for flood control in North Daxkota not <o 2x.ewe: .
total Federal cost of $69,100,000. All costs showWn are in >otscer  «--
United States dollars.

In view of project authorization and current commitments am>nZ ~-=
Administration, Congress, State Department, and Governments _.n anala.
it would be appropriate to pursue, as expeditiously as poss.o.2, "-e
completion of the enclosed EIS and the cost snaring and tecnn.:za.
agreements with Canada, to meet Saskatchewan's nigh priority scnedule

for construction of storage in Rafferty and Alameda dams.
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30 July 1987

INTRODUCTION

This draft operating plan was develop.d to provide
the basis for an agreement in principle on the
operation of the Souris Basin P?Project for flood
control and evaporation sharing. The plan alsc
provides the framework for completing individual
project specific reservoir regulation manuals.

The draft operating plan is limited to the operation
of the Souris Basin Project 1in the Souris River
Basin 1in Saskatchewan, Canada, and North Dakota,
United States of America.

The objectives of the operating plan are:

-To provide l-percent (l00-year) flood protection at
Minot, North Dakota;

-To provide flood protection to urban and rural
areas downstream from Rafferty, Alameda, and Lake
Darling dams;

-To ensure, to the extent possible, that the water
supply benefits for the Souris Basin Project and
Lake Darling are not compromised: and,

-To provide a basis for the sharing of the natural
flows of the Souris River according to <the 1939
Interim Measures and consideration of evaporation
losses for Rafferty and Alameda Reservoirs.

This document includes information on the operation
of the Souris Basin Project to include: existing
and expanded hydrometeorological data network, data
on the physical characteristics of the dams and
reservoirs, rules for flood and non-flood operation,
and procedures for communication and exchange of
information. This draft operating plan establishes
guidelines for operation. It wi1ll be necessary
for agencies directly responsible for the daily
operation of each project to develop detailed
reservoir regulation manuals. The draft operating
plan was developed based on computer simulations of
floods having temporal and spatial characteristics
of those actually experienced in floods of 1969,
1974, 1975, 1976, 1979, and 1982. It is recognized
that this draft operating plan may not cover all
possible flood circumstances, and it may be neces-
sary for the agencies directly responsible for the
operation of the project to jointly agree on changes
to the draft operating plan that will better achieve
its objectives. A basin map is shown on figure A-v.
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Forecasting:

30 July 1987

The ability to provide increased flocd protection
(including the ability to limit flows at Minot to
5,000 cfs for floods up to the l-percent event)
while optimizing the water supply potential of the
Souris River Basin is dependent upon the accuracy of
the estimates of runoff provided to the agencies
responsible for the daily operation of each project,
(Section 4.3.1). The runoff estimates used 1in this
operating plan are: runoff volume, 30-day; runoff
volume, 90-day; Sherwood uncontrolled runoff volume;
and runoff volume, 90-percent, 90-day. Data used to
develop the runoff estimates are gathered by
Environment Canada and Saskachewan Water Corporation
in Canada and the National Weather Service in the
United States. As noted in Section 2.4, new
estimating techniques will be developed by the Corps
of Engineers and the Saskachewan Water Corporation.
If the new estimating techniques cannot be developed
for the four items listed above, (with sufficient
accuracy to meet the dual objectives of flood
control and water conservation), then the operating
plan will be modified to use existing methods of
estimating runoff.
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1.0 TERMINOLOGY

1.1 Glossary of Terms and Definitions

Alameda Dam

Authority

Bankfull capacity

Boundary Dam

Boundary Diversion
Channel

Canadian reservoirs

Control point

Controlled volume

Corps

Drawdown

Estimate

Flood control storage

Full Supply Level
(FSL)

30 July 1987

The dam which will be constructed at a
location on the Moose Mountain Creek
approximately 15 kilometres upstream in a
northwesterly direction from the town of
Oxbow, in the Province of Saskatchewan.

The Souris Basin Development Authority.

The maximum flow that a given watercourse
can convey 1in a specified reach without
the water level rising above the level of
either bank.

A presently existing structure located
on Long Creek approximately 7 kilometres
in a southwesterly direction from the
City of Estevan, in the Province of
Saskatchewan.

A channel that will be constructed with a
maximum capacity of 60 m3/s ( 2,100 cfs )
to allow conveyance of water from
Boundary Reservoir to Rafferty Reservoir

A collective term for Rafferty Reservoir,
Boundary Reservoir and Alameda Reservoir.

A streamflow gaging station or dam which
is used to develop operating decisions
for Rafferty, Alameda and Boundary
Reservoirs, and Lake Darling.

The volume of runoff that can be
controlled by wusing available flood
control storage.

The United States Army Corps of Engineers.

The physical act of lowering the pool
level of a reservoir through controlled
releases.

A value based on the best judgment of
qualified personnel wusing all available
data.

The volume set aside below the maximum
allowable water 1level in a reservoir to
store flood event runoff.

The maximum elevation that the reservoir
pool is allowed to attain when operations
are not directed at achieving flood
control benefits.
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International
apportionment

Lake Darling Dam

Local flow

Maximum allowable
flood level

Maximum level prior
to spring runoff
Minimum supply level

Natural flow

l-percent flood
(100-year flood)

Pool level

Rafferty Dam

Releases

30 July 1987

The amount of water that must be passed
via the Souris River to North Dakota
at Sherwood in a given year based on the
1909 Boundary Waters Treaty and 1959
Interim Measures.

A presently existing structure located on
the Mouse River (Souris River) approxi-
mately 25 kilometres in a northwesterly
direction from the city of Minot in the
State of North Dakota.

The runoff that occurs between two given
locations.

The highest level a reservoir pool is
allowed to reach while storing water for
flood control purposes. When a reservoir
pool reaches this level, any flows into
the reservoir must be spilled.

The pool level which must not be exceeded
prior to the spring runoff, regardless
of the predicted volume of runoff.

The lowest pool level at which water can
be released from a reservoir (invert of
conduits).

The volume of runoff determined by the
International Souris River Board of
Control.

A runoff event which is estimated to
generate a total 30-~day continuocus flow
volume equal to 721,000 cubic decametres
( 584,500 acre-feet ) as determined at
Sherwood based on data recorded at that
station prior to 198s6.

The static water surface elevation of a
reservoir,

The dam which will be constructed at a
location on the Souris River approxi-
mately 5 kilometres upstream in a north-
westerly direction from the city of
Estevan, in the Province of Saskatchewan.
The controlled discharge of water from a
reservoir other than spills.
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Reservoir Regulation
Manual

Runoff
Runoff volume, 30-day
(30~-day volume)

Runoff volume, 90-day
(90-day volume)

Runoff volume,
90-percent,
90-day

Saskatchewan works

Sherwood

Sherwood
uncontrolled
runoff volume

Souris Basin
Project (Project)

Spills

Target drawdown level

30 July 1987

A document which is to be used as a guide
by the responsible agency in the day to
day operation of a reservoir. The manual
shall discuss the following topics:
description of the project, history of
the project, watershed characteristics,

data collection and communication
networks, hydrologic forecasts, the water
control plan, and water control
management.

The flow of water in a watercourse in
response to rainfall and/or snowmelt.

Maximum 30-consecutive~-day runoff volume
that occurs in any water year.

Maximum 90-consecutive-day runcff volume
that occurs in any water year.

The estimated 90-day volume of
unregulated runoff with a 90-percent
probability of being equalled or exceeded
by the actual runoff.

The works in Saskatchewan, Canada, to
include Rafferty Dam, Alameda Dam, and
Boundary to Rafferty Diversion Channel.

The International gaging station, number
05114000, latitude 48:59:24, longitude
101:57:28, on the Souris River, 0.8 mile
downstream of the International boundary.

The uncontrolled volume from the Canadian
Reservoirs, if any, and the local flow
between the Canadian Reservoirs and
Sherwood.

The development and operation of the
Saskatchewan works in Canada; the
operation of the existing Boundary
Reservoir in Saskatchewan and the opera-
tion of the existing Lake Darling
Reservoir in North Dakota in the United
States for flood control.

The uncontrolled discharge of water from
a reservoir.

A pool level to which a reservoir should
be lowered 1in response to estimated
spring runoff so that the desired level
of flood protection will be provided.
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Target flow - The instantaneous flow at a given
location that should not be exceeded
during a given flood event as a result of
releases from a reservoir or reservoirs.

A target flow at Sherwood that has been
modified to take into account available
storage in Lake Darling.

Temporary target flow

Uncontrolled volume - The volume of runoff that can not be
controlled by the available flood control
storage.

Unregulated flow - That flow that would occur at Sherwood if

at Sherwood Rafferty and Alameda were not in place.

Water year - October 1 to September 30.

1.2 Abbreviations

Following is a list of abbreviations used in this agreement:

ac-ft - acre-feet
cfs - <cubic feet per second
dam’ - cubic decametre
ft - feet
m - metre
mi/s - cubic metres per second
km - kilometre
1.3 Conversion Factors

Different units of measure are being used in Canada and the
United States. Therefore it is necessary to setforth the method
by which these different units will be used within this
appendix. When discussing those features in Canada, metric units
will be given first followed by the English wunits in
parentheses. When discussing features in the United States,
English units will be given first followed by metric units in
parentheses.
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The following table may be used to convert measurements in the
English (United States) system of units to the SI or metric
(Canadian) system of units.

Multiply English Units by To obtain SI Units
Length
inch (in)--==-==-=--==c-ccca-- 25.4 -=-=-millimetre (mm)
foot (ft)-—-==-ccmcmoncncn—- 0.3048 ----metre (m)
mile (mi)-==—==m————ceeeemea 1.609344 ----kilometre (km)
2 Area )
square mile (mi‘)~---=~-=--- 2.590 ----square kilometre (km?)
acre (ag)—===—=--—=—s—c—-c-a- 4051.09 -—---square metre (m )
Flow
cubic foot per second~--~--- 0.02831685 ~---cubic metre per second
(cfs) (m*/s)

Volume .
acre-foot (ac~ft)~=~=~=~=n- 1.233482 ~-~-cubic decametre (dam’ )
Velocity
foot per second (ft/s)----- 0.3048 ~---metre per second (m/s)
Slope
foot per mile (ft/mi)~-~=~- 0.1894 ~~-~-metre per kilometre

(m/km)
1 ha = 10,000 m* ==> ha x 2.46848 = acre
1dam = 1,000 m® ==> dam® x 0.811 = ac-ft
2.0 HYDROMETEOROLOGICAL DATA NETWORK
2.1 General

The collection and distribution of hydrolegic and meteorological
data in the Souris River basin inveclves government agencies in
the United States and Canada. The data «collection network 1is
vital to the successful operation of Rafferty, Boundary, and
Alameda Reservoirs in Canada and Lake Darling in the United
States. The network may be modified from time to time. The
applicable existing data collection network consists of the
following agencies.
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Canada

In cCanada, the Water Survey of Canada is respon51b1e for
maintaining and operating a network of hydrometrlc stations to
record streamflow and water 1levels while the Atmospheric
Environment Service maintains and operates a network of
meteorological stations. Both the Water Survey of Canada and the
Atmospheric Environment Service are part of Environment Canada,
a Federal government agency. In addition, the Saskatchewan Water
Corporation, a Provincial crown corporation, operates a number
of snow course stations in the basin. The purpose of the snow
course measurements is to provide additional data for estimating
spring runoff.

United States

In the United States, the U.S. Geological Survey is responsible
for maintaining and operating a network of hydrometric stations
to record streamflow and water 1levels, while the National
Weather Service operates and maintains a network of
meteorological stations. Both organizations are Federal
agencies. In addition to the meteorological stations, the
National Weather Service undertakes aerial gamma surveys to
provide additional snow data for estimating spring runoff.

The networks operated by these agencies are shown on the map in
figure A-2 and are described in the following section.

2.2 Station Networks

The existing hydrometric station networks for Canada and for the
United States are shown on Table 2.1 and on Table 2.2,
respectively.

The existing meteorological station networks are shown on Table
2.3 for Canada and on Table 2.4 for the United States.

2.3 Additional Stations

Gages and methods will be established to measure inflow, pool
levels, and downstream flows for Rafferty Reservoir and for
Alameda Reservoir. Additional gaging stations may be added to
ensure the appropriate operation of the project.

Data Collection stimati nd Cogrdination

Close coordination and exchange of data will be maintained by
operating agencies to facilitate Project operatlon, with
particular reference to pre-flood drawdown. Other ltems will be
detailed in the Reservoir Operation Manual

Estimating techniques will be developed by representatives of
U.S. Army Corps of Engineers and Saskatchewan Water Corporation.
These estimating techniques will be discussed in the Reservoir
Regulation Manuals, which will be written at a later date.
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HYDROMETRIC STATION NETWORK FOR SOURIS BASIN IN SASKATCHEWAN

TABLE 2.1

Station Station Name Location Type

No. Latitude Longjitude

O05NA003 Long Creek at 49 00 01 103 21 08 Flow; auto recorder:
Western Crossing telemark

05NAQO4 Long Creek near 49 15 32 103 57 22 Flow; auto reccorder;
Maxim seasonal

OSNAQOOS Gibson Creek 49 29 02 104 20 11 Flow; auto recorder;
near Radville seasonal

O05NAQO6 Larson Reservoir 49 28 30 104 16 50 Water level; auto
near Radville recorder

O05NBO001 Long Creek near 49 06 15 103 00 48 Flow: auto recorder
Estevan

05NB009 Souris River nr. 49 04 34 102 42 53 Flow; auto recorder
Roche Percee

O5NBO11 Yellow Grass 49 47 11 104 02 16 Flow; auto recorder:
ditch near seasonal
Yellow Grass

O05NB012 Boundary Res. 49 05 49 103 01 28 Water level; auto
near Estevan recorder

O5NB0O14 Jewel Creek nr. 49 23 10 103 42 42 Flow; autoc recorder;
Goodwater seasonal

O5NB015 Roughbark Res. 49 30 08 103 43 07 Water level; auto
near Weyburn recorder

O5NB0O17 Souris River nr. 49 29 37 103 39 44 Flow; auto recorder:
Halbrite seasonal

OSNBO18 Tatagwa Lake Dr. 49 35 58 103 56 50 Flow; auto recorder;
near Weyburn seasonal

O5NB020 Nickle Lake nr. 49 34 32 103 46 08 Water level; auto
Weyburn recorder

05NB021 Short Creek nr. 49 01 52 102 %0 57 Flow; auto recorder
Roche Percee

O5NB022 Dead Lake Res. 49 17 23 103 26 40 Water level; auto
near Midale recorder

O5NB025 Souris River 49 58 37 104 04 33 Flow:; auto recorder;
near Lewvan seasonal
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TABLE 2.1 (cont.)

HYDROMETR ON N Q OR_SQUR BASIN IN SASKATCHEWAN

Station Station Name __Locatjon Type

No. Latitude lLongitude

0SNB029 Dead Lake - 49 17 23 103 26 40 Water level; auto
Souris River recorder

OSNB030 Souris River 49 46 10 104 00 54 Flow:; auto recorder;
near McTaggart seasonal

O0SNB0O31 Souris River 49 59 20 104 11 24 Flow; auto recorder;
near Bechard seasonal

05NC001 Moose Mountain 49 52 23 103 00 54 Flow; auto recorder;
Creek below seasonal
Moose Mountain Lake

OSNC002 Moose Mountain 49 53 29 103 01 58 Water level; auto
Reservoir recorder

O5ND001 Souris River 49 11 01 102 01 42 Flow; auto recorder
nr. Glen Ewen

0SND0O0O4 Moose Mountain 49 13 58 102 13 41 Flow; auto recorder;

Creek nr. Oxbow seasonal
05NF006 Lightning Creek 49 13 17 101 43 06 Flow; auto recorder:
near Carnduff seasonal
05NF010 Antler River 49 35 03 101 50 58 Flow:; auto recorder;
near Wauchope seasonal
05NF013 Gainsborough 49 24 51 101 31 36 Flow; auto recorder;
Ck. nr. Starthoaks seasonal
24-131 Souris River at 49 07 42 103 01 17 Flow; manual
#18 Highway recorder; Extreme
flow only
24-132 Souris River at 49 07 11 102 59 32 Flow; manual
#47 Highway recorder; Extreme
flow only
24-133 Souris River at 49 13 04 102 11 08 Flow; manual
Oxbow recorder; Extreme
flow only
Souris River at INFORMATION NOT AVAILABLE

Pulfer’s Farm
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TABLE 2.2

ROM S ION NETWORK FOR SOURI

Station Station Name — . _Location ___ Type

No. Latitude Longitude

05114000 Souris River 48 59 24 101 57 28 Flow; auto
nr. Sherwood N.D. telemark

05115500 Lake Darling 48 27 27 101 35 14 Water level;
near Foxholm recorder

05116000 Souris River 48 22 20 101 30 18 Flow; auto
near Foxholm telemark

05116500 Des Lac River 48 22 14 101 34 11 Flow; auto
near Foxholm

05117500 Souris River 48 14 46 101 22 15 Flow; auto
above Minot telemark

05120000 Souris River 48 09 35 100 43 45 Flow; auto
near Verendrye

05120500 Wintering River 48 10 14 100 32 20 Flow; auto
near Karlsruhe

05122000 Souris River 48 30 20 100 26 04 Flow: auto
near Bantry telemark

05123000 Lake Metigoshe 48 59 05 100 20 52 Water level:
near Bottineau recorder

05123400 Willow River 48 35 20 100 26 30 Flow; auto
near Willow City

05123500 Deep River 48 35 03 100 51 44 Flow:; auto
near Upham telemark

05123900 Boundary Creek 48 48 46 100 51 46 Flow; auto
near Landa

05124000 Souris River 48 59 47 100 57 29 Flow: auto
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TABLE 2.3
M ORQLOGICA ATION NETWORK FOR SOURIS BASIN IN SASKATCHEWAN

Station Name Station Location Observing Programs *
Lat Long TE PR HW RR ST EV SU SS NS WS

Alameda 49 24 102 16 X
Anulet 4010150 49 37 104 44 X X

Arcola COA 4010240 49 38 102 32 X

Bechard 4010540 50 03 104 13 X X

Broadview 4010879 50 23 102 35 X X X X X X X X X
Carlyle 4011160 49 38 102 17 X X

Ccarlyle 49 39 102 16 X
Carlyle C-7 49 39 102 20 X
Carnduff 4011250 49 13 101 45 X

Ceylon 4011441 49 24 104 39 X X

Davin 4012162 50 24 104 11 X

Davin 4012165 50 22 104 09 X

Davin 4012166 50 23 104 10 X X X X

Estevan 49 05 102 59 X
Estevan A 4012400 49 04 103 00 X X X X X X X X X
Estevan C-9 49 08 102 56 X
Fertile 4012485 49 20 101 27 X X

Fleming S. 4012525 50 02 101 35 X

Francis 4012720 50 07 103 55 X X

Frobisher 49 13 102 09 X
Gainsborough 4012790 49 18 101 32 X

Glenavon 50 12 103 08 X
Handsworth 4013098 48 51 102 52 X X
Handsworth 49 53 103 02 X
Heward 4013221 49 45 103 09 X X
Hitchcock 49 15 103 10 X
Hume 49 40 103 37 X
Indian Head

CDA 4013480 50 32 103 40 X X X X
Indian Head

PFRA 4013490 50 31 103 41 X X X X X X
Kipling 4014040 50 12 102 44 X X

Kisbey 49 40 102 45 X
*TE - Temperature EV - Evaporation

PR - Precipitation SU - Sunshine

HW - Hourly Weather SS - Snow Survey

RR - Rate of Rainfall NS - Nipher Snow Measurements

ST - Soil Temperature WS - Windspeed
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TABLE 2.3 (cont.)

ON N (o] R SOURIS BASIN IN SASKATCHEWAN
Station Name Station _ _Location _ Observing Programs *
Lat Long TE PR HW RR ST EV SU SS NS WS

Macoun 4014870 49 14 103 14 X

Maryfield 4015045 49 50 101 32 X X

Maxim 49 19 103 57 X
Midale 4015160 49 24 103 25 X X
Moose Mountain

Reservoir 4015344 49 53 103 02 X X X
Moosomin 4015360 S50 09 101 40 X X
Neptune 49 22 104 06 X
Neptune S. 49 19 104 02 X
Noonan N.D. 48 57 103 03 X
Odessa 4015648 50 20 103 41 X X
Oungre 49 09 103 45 X
Oxbow 4015800 49 19 102 07 X X

Oxbow 49 14 102 07 X
Radville CDA 4016400 49 30 104 17 X
Redvers 4016522 49 32 101 42 X X
Torquay 4018105 49 05 103 30 X
Trossachs N.E. 49 36 104 11 X
Trossachs S. 49 34 104 17 X
Wapella -

Newfinland 4018508 50 27 101 56 X X
Wawota 4018678 49 56 101 58 X X
Weyburn 4018760 49 39 103 50 X X X X X
Weyburn 49 40 103 53 X
Weyburn 2 4018762 49 40 103 51 X
Willmar 4018960 49 25 102 30 X

Yellow Grass 4019040 49 48 104 10 X X

*TE - Temperature EV - Evaporation

PR - Precipitation SU - Sunshine

HW ~ Hourly Weather SS - Snow Survey

RR - Rate of Rainfall NS - Nipher Snow Measurements

ST ~ Soil Temperature WS - Windspeed
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TABLE 2.4

M R GICAL S N Q FOR SOQU BASIN IN NORTH DAKOTA
Station Name __ Location Observing Programs *
Lat Long PR TE SS HW SU EY

Amprose 49 00 103 28 X X

Belcourt 48 50 99 45 X X X

Berthold 48 19 101 44 X X

Bottineau 48 50 100 27 X X X

Bowbells 48 48 102 15 X X X

Butte 47 50 100 40 X X X

Columbus 48 55 102 50 X X

Crosby 48 54 103 18 X X X

Drake 8NE 48 02 100 17 X X X

Fortuna 1W 48 55 103 49 X X X

Foxholm 7N 48 20 101 33 X X X

Granville 48 16 100 51 X X X

Kenmare 48 40 102 0s X X X

Lake Metigoshe 48 59 100 21 X X
Max 47 49 101 18 X X X
Minot FAA 48 16 101 17 X X X X
Minot Exp. St. 48 11 101 18 X X X X X
Mohall 48 48 101 31 X X X

Rolla 3NW 48 54 99 40 X X X

Rugby 48 21 100 00 X X X

Sherwood 3N 49 00 101 38 X X
Tagus 48 20 101 56 X X
Tower NE 48 21 100 24 X X X

Upham 3N 48 37 100 44 X X X

Westhope 48 55 101 22 X X X

*PR - Precipitation

TE - Temperature

SS - Snow Survey

HW - Hourly Weather

SU -~ Sunshine

EV - Evaporation
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3.0 CONTROL POINTS

3.1 a Da

The relevant data for this

control point are presented on Tables

3.1 and 3.2. The storage-surface area-elevation curves are shown
on Plate A-7. In the event of a discrepancy, the tabulated values

will be used.

Table 3.1
pData for Reservoirs

Description Elevation Total Storage
Rafferty Reservolr
Maximum allowable 554.00 m 633,000 dam’
flood level (1817.59 ft) (513,000 ac-ft)
Full supply level 550.50 m 439,600 dam®
(1806.10 ft) (356,400 ac-ft;
Normal level prior 549.50 m 394,000 dam®
to spring runoff (1802.82 ft) (319,000 ac-ft;
Minimum supply level 537.50 m 13,000 dam®
(1763.45 ft) (10,000 ac-ft)
Boundary Reservoir
Full supply level 560.83 m 61,500 dam’
(1840.00 ft) (49,800 ac-ft)
Minimum supply level 553.21 m 24,900 dam®
(1815.00 ft) (20,800 ac-ft)
Alameda Reservoir
Maximum allowable 579.00 m 183,000 dam’
flood level (1899.61 ft) (149,000 ac-ft)
Full supply level 574.00 m 96,600 dam’
(1883.20 ft) (78,300 ac-ft)
Normal level prior 573.00 m 84,300 dam’
to spring runoff (1879.92 ft) (68,100 ac-ft)
Minimum supply level 564.00 m 18,900 dam®
(1850.39 ft) (15,400 ac-ft)

arling Reservoir

Maximum allowable
flood level
Full supply level

Minimum supply level
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Tabl

e 3.2

Summary of Rafferty Elevation-Area-Capacity Data

Elevation Storage
in metres dam’ Ac-Ft
547.5 305287 247500 Maximum required drawdown (1,
549.5 392371 318100 Normal drawdown (2)
550.5 439613 356400 FSL
554.0 632776 513000 Maximum storage level
Adopted
Elevation Surface Area Storage
metre feet ha acres dam® ac-ft
535.0 1755.25 0 0 0 0
537.0 1761.81 807 1992 4737 3840
538.0 1765.09 1464 3614 16159 13100
540.0 1771.65 2495 6159 56370 45700
545.0 1788.06 3574 8822 209075 169500
546.0 1791.34 3795 9367 245833 199300
547.0 1794.62 4022 9928 284811 230900
547.5 1796.26 4134 10205 305287 247500
549.0 1801.18 4480 11060 369675 299700
549.5 1802.82 4599 11353 392371 318100
550.0 1804.46 4719 11649 416547 337700
550.5 1806.10 4881 12048 439613 356400
551.0 1807.74 5045 12454 464406 376500
551.5 1809.38 5212 12866 490062 397300
552.0 1811.02 5407 13347 516582 418800
552.5 1812.66 5605 13836 543966 441000
553.0 1814.30 5807 14334 572459 464100
553.5 1815.94 6012 14841 602063 488100
554.0 1817.59 6222 15360 632776 513000
555.0 1820.87 6651 16418 697041 565100

1. Assuming starting elevation of 547.5 metres,
flood control storage available would be 632,776
(513,000) - 30
(265,500 Ac-Ft)

2. Assuming

5,287 (24
[ FSL =

7,500) = 327,489 dam®
550.5 ].

starting elevation of 549.5 metres,

flood control storage available would be 632,776
(513,000) - 392,371 (318,100) = 240,405 dam’
(194,900 Ac-Ft) [ FSL = 550.5 ).
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3.2 Boundary Dam

The relevant data for this control point are shown
on Tables 3.1 and 3.3.

Table 3.3

Summary of Boundary Elevation-Capacity Data

Elevation Storage
metre feet dam® Ac~Ft

557.8 1830.0 44,725 36,259 Max required drawdown (1)
560.8 1840.0 61,480 49,845 FSL, Normal, & Max.

Elevation Surface Area Storage
metre feet ha acres dam ac-ft
554.7 1820.0 407 1,005 30,691 24,882
555.5 1822.5 425 1,049 33,970 27,540
556.3 1825.0 445 1,098 37,400 30,320
557.0 1827.5 486 1,200 41,000 33,240
557.8 1830.0 506 1,249 44,725 36,259
558.5 1832.5 546 1,348 48,625 39,420
559.3 1835.0 547 1,350 52,670 42,700
560.1 1837.5 607 1,498 56,910 46,140
560.8 1840.0 688 1,698 61,480 49,845
1. At maximum required drawdown level of 557.8
metres, (1830 feet), storage available would be
61,480 (49,845) ~ 44,725 (36259) = 16,755 danm’
(13,586 == 13,600 Ac-Ft). This necessary storage

may also be obtained by drawing Rafferty below
required levels and diverting the 16,755 dam® (13,600
Ac-Ft) to Rafferty Reservoir.
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Alameda Dam

The relevant data for
and 3.4.

on Tables 3.1

this control
The

point are shown
storage-surface area-

elevation curves are shown on Plate A-8.

Table 3.4

Summary of Alameda Elevation-Area-Capacity Data
Elevation Storage
in metres dam® Ac-Ft

569.0 45812 37140 Maxlmum requlired drawdown

573.0 84000 68100 Normal drawdown (2)

574.0 96619 78330 FSL

579.0 183369 148660 Maximum storage level

Adopted

Elevation Surface Area Storage
metre feet ha acres dam’ ac-ft
547.5 1796.26 0 0 0 0]
550.0 1804.46 1 2.5 7 6
555.0 1820.87 37 91 772 626
560.0 1837.27 208 513 6932 5620
565.0 1853.67 437 1079 2265¢ 18370
566.0 1856.96 503 1242 27371 22190
567.5 1861.88 610 1506 35697 28940
569.0 1866.80 743 1833 45812 371460
570.0 1870.08 838 2069 53693 43530
571.0 1873.36 950 2344 62624 50770
572.5 1878.28 1129 2787 78166 63370
573.0 1879.92 1197 2954 84000 68100
574.0 1883.20 1338 3304 96619 78330
574.5 1884.84 1412 3486 103489 83900
575.0 1886.48 1488 3673 110730 89770
575.5 1888.12 1563 3857 118291 95900
576.0 1889.76 1639 4047 126346 102430
576.5 1891.40 1718 4240 134696 109200
577.0 1893.04 1798 4439 143454 116300
577.5 1894.69 1881 4643 152705 123800
578.0 1896.33 1989 4909 162450 131700
578.5 1897.97 2100 5183 172687 140000
579.0 1899.61 2217 5473 183369 148660
580.0 1902.89 2451 6050 206608 167500
1. Assuming starting elevation of 569.0 metres,
flood control storage available would be 183,369
(148,660) - 45,812 (37,100) = 137,557 dam® (111,520
Ac-Ft) [ FSL = 574.0 ].
2. Assuming starting elevation of 573.0 metres,
flood control storage available would be 183,369
(148,660) - 84,000 (68,100) = 99,369 dam’® (80,560
Ac-Ft) [ FSL = 574.0].
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.4 Lake Darling

The relevant data for this control point are shown
on Tables 3.2 and 3.5. The storage-surface area-
elevation curves are shown on Plate A-9.

Table 3.5

Lake Darling Storage

Elevation Storage

feet_metres ac-ft dam?

1591 484.94 53,000 65,375 Maximum drawdown (1)
1596 486.46 99,000 122,115 Normal drawdown (2)

1597 486.77 110,100 135,800 Normal pool
1601 487.98 158,600 195,630 Existing maximum

Adopted

Elevation Surface Area Storage
feet metres acres ha ac-ft dam®
1591.0 484.94 7,431 3,010 53,000 65,375
1592.0 485.24 8,200 3,322 60,800 75,000
1593.0 485.55 8,910 3,610 69,400 85,600
1594.0 485.85 9,650 3,910 78,600 96,950
1595.0 486.16 10,220 4,140 88,600 109,290
1596.0 486.46 10,800 4,375 99,000 122,115

1597.0 486.77 11,270 4,566 110,100 135,800
1598.0 487.07 11,750 4,760 121,600 150,000
1599.0 487.38 12,150 4,922 133,600 164,790
1600.0 487.68 12,550 5,084 145,900 179,965
1601.0 487.98 12,900 5,226 158,600 195,630

Service spillway crest at 1598.0 feet.

1. Assuming a starting elevation of 1591 feet,

flood control storage available would be 158,600

(195,630) - 53,000 (65,375) = 105,600 ac-ft (130,255
dam®)

2. Assuming a starting elevation of 1596 feet,
flood control storage ivailable would be 158,600

(195,630) - 99,000 (122,115) = 59,600 ac-ft (73,515
dam?)
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3.5 Souris River near Sherwood

The International gaging station, number 05114000, latitude
48:59:24, longitude 101:57:28, on the Souris River, 0.8 mile
downstream of the International boundary.

3.6 Souris River above Minot

The control point, Souris River above Minot, 1is a flow gaging
station operated by the U.S. Geological Survey and maintained by
the North Dakota State Water Commission. The station number 1is
05117500.

The station 1is located approximately 3.5 miles (5.8 km) west of
Minot, North Dakota, and approximately 7 miles (11 km;
downstream from the confluence of the Souris and Des Lacs
Rivers. The coordinates of the station are 1latitude 48:14:43,
longitude 101:22:15.

3.7 Diversion From Boundary to Rafferty Reservoir

Boundary Diversion may be used for flood control provided that
storage 1is available 1in Rafferty in excess of the amcunt
required to meet United States flood control requirements in
that year, by the amount of volume to be diverted.

3.8 Other Considerations

This operating plan for the Canadian reservoirs and Lake Darling
requires that flood protection be provided for urban and rural
downstream areas. The operation of the Project for flood flows
will consider the approximate bankfull channel capacities of
urban and rural reaches. Release rates will be based on reducing
flood damages as much as possible. An indication of the flows at
which flooding occurs is provided in Table 3.6, for various
reaches of the Souris River, Long Creek and Moose Mcuntain
Creek. These flows should be considered as approximate only.
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Table 3.6

Approximate Bankfull Channel Capacity

Description of Reach Bankfull Capacity
Long Creek

Boundary Dam to Souris River Not Known
Moose Mountain Creek
Alameda Dam to Souris River Not Known
Souris River
Rafferty Dam to Long Creek 14 m’ /s (500 cfs)*
Long Creek to Shand 85 m>/s (3,000 cfs)
Shand to Moose Mountain Creek 60 m®>/s (2,000 cfs)
Souris River at Oxbow 90 m>/s (3,200 cfs)
Souris River at International Boundary 90 m’>/s (3,200 cfs)
Sherwood to Upper Souris Refuge 60 m>/s (2,000 cfs)
Upper Souris Refuge to Lake

Darling Dam Reservoir pool
Lake Darling Dam to Minot 2,500 cfs (70 m’/s)
Souris River at Minot 5,000 cfs (215 m /s)
Minot to Logan 2,500 cfs (70 m®/s)
Logan to Velva 1,400 cfs (40 m*/s)
Velva to Verendrye 1,400 cfs (40 m®/s)
Verendrye to Wintering River 1,500 cfs (42 ™ /s)
Wintering River to Towner 600 cfs (17 m/s)
Towner to Melita 200 cfs (6 m>/s)

*With proposed channel 1mprovements.

4.0 OPERATING PLAN

4.1 Objectives and Procedures

The objectives of this operating plan are: (1) 1 percent
(100-year) flood protection at Minot, (2) to provide flood
protection to urban and rural areas downstream from Rafferty,
Boundary, Alameda, and Lake Darling Dams; (3) to ensure, to the
extent possible, that the water supply benefits from these
reservolrs are not compromised; and (4) to provide for sharing
of the water of the Souris River basin.

In order to ensure that these objectives are met, it 1is
necessary to distinguish between flood and nonflood operation.
To meet the flood and nonflood operating plan objectives, the
following procedure will be used to identify the proper mcde of
operation while complying with the terms of the International
Apportionment.
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Flood Operation

If a February 1 or subsequent spring runoff estimates shows a
reasonable chance (50 percent) of a runoff volume at Sherwood
being equal to or greater than a 1l0-percent (1 in 10 years)
flood, then operations will proceed on the basis of the flood
operating plan. Flood operation will cease when flcod volumes
have been discharged and streamflows are at or below 500 <cfs at
Minot.

Nonflood Operation

If a February 1 or subsequent spring runoff estimate shows a
reasonable chance (50 percent) of a runoff event 1less than a
10-percent (1 1in 10 years) flood, then operations will proceed
on the basis of the nonflood operation plan.

4.2 International Apportionment

International apportionment is the amount of the natural flow
that must be passed from Saskatchewan to North Dakota in any
calendar year. In accordance with treaty obligations and orders
of the International Joint Commission, North Dakota is entitled
to 50 percent of the natural flow at Sherwood. Under certain
conditions, a portion of the North Dakota share will be in the
form of evapcration from Rafferty and Alameda reservoirs. During
years when these conditions occur, the minimum amount of flow
actually passed to North Dakota will be 40 percent of the
natural flow at Sherwood. This lesser amount is in recognition
of Saskatchewan’s agreement to operate both Rafferty Dam and
Alameda Dam for flood control and for evapcration as a result of
the Project. Therefore, this is deemed to be in compliance with
all applicable obligations. The volume of natural flow will be
determined by the International Souris River Board of Control.

The following rules determine the percentage of the natural flow
at Sherwood which is to be passed to North Dakota.

a. If the level of Lake Darling 1is below an elevation of
1592.0 feet (485.24 metres) on October 1 in any calendar
Yyear, Saskatchewan will pass 50 percent of the natural
flow at Sherwood in that year and in succeeding years,
until the level of Lake Darling is above an elevation of
1593.0 feet (485.55 metres) on October 1.

b. If the natural flow at Sherwood is equal to or less than
15,000 acre-feet (18,500 cubic decametres) prior to Oct.
1 of that year, then Saskatchewan will pass 50 percent of
that natural flow to North Dakota in that calendar year.

c. For other vyears, Saskatchewan will pass at 1least 40
percent of the natural flow at Sherwood to North Dakota.

d. If releases are delayed, they may be called for at any
time before October 1. If they are not called for before
October 1, the water may be retained for use in
Saskatchewan.
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{ Lake Darling and the Canadian reserveoirs will be operated
(insofar as 1is compatible with the Project’s purposes and
consistent with past practices) to ensure that the pool
elevations, which determine conditions for sharing evaporation
losses, are not artificially altered. The triggering elevation
of 1592.0 feet (485.24 metres) for Lake Darling is based on
existing water uses in North Dakota, including refuges operated
by the U.S. Fish and Wildlife Service. Each year, operating plans
~ for the refuges on the Souris River will be presented to the
International Souris River Board of Control. Barring unforeseen
b circumstances, operations will follow said plans during each
given year. Lake Darling will not be drawn down for the scle
purpose of reaching the pool elevation of 1592.0 feet (485.24
metres) on October 1.

' Late season releases will not be made by Saskatchewan Water
k Corporation from the Canadian reservoirs for the socle purpose of

raising the pool elevation of Lake Darling above 1593.0 feet
(485.55 metres) on October 1.

Regardless of the above rules, North Dakota (and the U.S. Fish
and Wildlife Service) will assess its storage capability and
need prior to release from the Canadian dams. If there will be
no benefit in North Dakota from the release, the water may be
T+ retained for wuse in Saskatchewan. To the extent possible and in
L consideration of potential channel losses and operating effi-
ciencies, releases from the Canadian dams under the above
rules will be scheduled to coincide with periods of beneficial
use in North Dakota. Normally, the period of beneficial use in
North Dakota coincides with the timing of the natural hydrograph,
and that timing should be a guide to releases of the United
States portion of the natural flow. All releases will be within
the specified target flows at control points, and the timing of
said releases will be coordinated with the U.S. Fish and Wildlife
Service.

4.3 Flood Operation

General

i This section sets forth the draft operating plan for Rafferty,
Alameda, Boundary, and Lake Darling Reservoirs for flood
control. In general, the purpose 1s as follows: the three
reservoirs in Canada are to be operated in such a manner so that
along with Lake Darling it will be possible to obtain l-percent
(100-year) level of protection at Minot. The 1l-percent level
of protection at Minot allows a maximum discharge of 5,000
cfs. After the spring estimate of streamflow is received, if a
l-percent or dgreater flood volume is anticipated, it will be
necessary to draw Lake Darling down to an elevation of 1591.0
feet, to draw Rafferty down to an elevation of 547.5 metres, to
draw Alameda down to an elevation of 569.0 metres, and to draw
Boundary down to an elevation of 557.8 metres given that the
estimated 90- day volume as set forth in Plates A-1 to A-3 and
the estimated 30-day volume in Plate A-4 will require the
maximum required drawdown levels. As discussed in Section 3.2,
additional drawdown in Rafferty may be used in lieu of drawdown
of Boundary. The manner in which this 1is to be accomplished and
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the reasons for doing so are presented in the following sections.
In those cases where the flood event 1is greater than a 1 percent
(100-year) event, the Project will be operated as set forth in
the Reservoir Regulation Manuals to attempt to reduce downstream
damages without endangering the structures themselves. This may
require flows greater than 5,000 cfs at Minot for the pericd
before 1 June, and may also require flows greater than 500 cfs
(which could also exceed 5,000 cfs) after 1 June.

The Canadian Reservoirs will be operated for Sherwood giving due
consideration to the level at Lake Darling and the flow at Minot.
It 1is not possible to obtain 1l-percent (100-year) flood
protection at Minot unless Rafferty, Alameda, Boundary, and Lake
Darling are operated as a complete system.

This operating plan will be used when the estimated 30-day
unregulated volume at Sherwocd equals or exceeds a l0-percent
(10-year) event, which is equal to 175,200 Ac-Ft (216,110 dam? );
and/or when the 1local 30-day volume at Sherwood is expected to
equal or exceed 30,000 acre-feet, (37,000 dam®). From the period
of record at Sherwood, 1930 to 1986, 56 years, the operating
plan would have been used approximately 6 times, or about 10 to
11 percent of the time.

The flood operating plan is divided into four separate phases in
accordance with the annual hydrograph. These phases relate to:

a. Operations to lower reservoirs prior to spring runoff.

b. Operations during spring runoff.

c. Operations after runoff to restore reservoirs to full
supply level.

d. Operations during the summer, fall, and winter.

4.3.1 Drawdown Prior to Spring Runocff

The drawdown of Rafferty, Boundary, and Alameda Reservoirs and
Lake Darling in response to a given predicted flood event is an
integral part of the operating plan. The extent of drawdown will
depend on the estimated spring runoff volume for each as shown
on the curves in Plates A-1 to A-4.

Any releases from Lake Darling must take into consideration
inflows resulting from releases from the Canadian reservoirs and
any local inflow between the Canadian reservoirs and Lake
Darling.

Regardless of the estimated volumes of runoff, the reservoirs
will be operated to ensure that each is at or below the
following pool levels by February 1.

a. Rafferty Reservoir - 549.50 m. (1802.82 ft.)

b. Alameda Reservoir - 573.00 m. (1879.92 ft.)
c. Lake Darling - 1596.00 ft. (486.46 m.).
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The reservoirs will be drawn down, as appropriate, over the
summer, fall, and winter months, and release rates will take into
consideration channel and ice conditions. Release rates will be
set to ensure that the maximum controlled flow at Sherwood will
not exceed the following rates, provided Lake Darling is at
or below full supply level:

11 m’ /s ( 400 cfs)
14 m®/s ( 500 cfs)
m’/s (2120 cfs)
90 m* /s (3200 cfs; up to 50-yr)
113 m®/s (4000 cfs; over 50-yr)

a. June 1 to August 31

b. September 1 to January 31
¢. February 1 to March 15

d. March 16 to May 31

[ |
[+
o

Estimates of spring runoff will be made initially on February 1
and thereafter on the 15th and last day of each month until
runoff occurs. The target drawdown levels will be as shown on
Plates Aa-1 through A~-4. For the Canadian reservoirs, these
levels are based on the 90- percent spring runoff volume for
each reservoir. Using this parameter will ensure that operating
the Canadian reservoirs for flood control will not compromise
the water supply potential. For Lake Darling, the target
drawdown level is based on the estimated Sherwood uncontrolled
runoff volume and a sliding scale relating the runoff volume to a
Lake Darling pool 1level as is shown on Plate A-4. As the
estimated spring runoff volume 1is updated thru the spring, the
Lake Darling target level will also change.

Should the pool level of any reservoir on February 1 be higher
than its target drawdown level, releases will be made as
described below. Should the pool 1level for a reservoir on
February 1 be equal to or lower than the target drawdown level,
no releases need be made from that reservoir.

Channel Ice Effects

To avoid ice problems, the Reservoir Regulation Manuals will
include features that will directly address the ice problems
that may occur.

Rafferty and Alameda Reservoirs

The drawdown of Rafferty and Alameda Reservoirs will be the
responsibility of the Saskatchewan Water Corporation. Releases
from each reservoir will be made to achieve its target drawdown
level. While the reservoirs are being drawn down, the total flow
at Sherwood should not exceed the peak target flow from Plate
A-5.

The release rate will take into consideration ice and channel
conditions between the Canadian reservoirs and Lake Darling.
Such releases will be reviewed and adjusted as necessary on a
regular basis, at a minimum after each estimate of the spring
runoff volume.
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Releases will be established to achieve the target drawdown
levels prior to the occurrence of spring runoff to the
reservoirs.

Boundary Reservoir and Flood Diversion Channel

Both Boundary Reservoir and the flood diversion channel (to
divert flows from Boundary Reservoir to Rafferty Reservoir) will
be operated within the limits of the drawdown curves. Boundary
will be drawn down to the elevation shown on Plate A--2 provided
that the associated drawdown volume shown on Plate A-2 is equal
to the estimated 90-percent 90-day runoff volume. To operate the
diversion channel there must be excess capacity available in
Rafferty Reservoir to store the diverted amount. This excess
capacity must be in addition to the capacity that would be made
available as per Plate A-1. The operation of each will attempt
to maximize flood reduction within the constraints of water
supply requirements. The operation of each will be such to ensure
that the resulting peak flow at Sherwood during runoff is not
greater than the peak that would have occurred without the
operation of Boundary Reservoir and flood diversion channel; and
that flood control be provided as setforth above.

Preflood lLake Darling Spring Drawdown

Drawdown of the Lake Darling pool prior to a given flood event
is an integral part of the overall operating plan. Lake Darling
pool drawdown is the first step in the operating plan and is
important because the extent of pool drawdown has a direct
relationship to the amount of storage available for flood
control. Drawdown is dependent upon the runoff volume
(uncontrolled) at Sherwocod, the rate of drawdown, and the time
available for drawdown between March 1 and spring breakup. In
addition, it must include the release of water from the Canadian
dams if needed, or it could be reduced based on pcol levels in
Canada lower than what is needed for flocod control based on the
estimated 30-day volume. The rate of drawdown shall be reviewed
and adjusted on a reqular schedule as the winter progresses, to
ensure that the pool will be at or below the target elevation by
April 1.

4.3.2. Spring Runoff

If the estimated uncontrolled volume is sufficient to raise Lake
Darling to its full supply level of 1597.0 feet, then the
Canadian dams will store water until they have reached their
respective full supply 1levels of ©550.5 metres for Rafferty
Reservoir and 574.0 metres for Alameda Reservoir. Once a
reservoir has reached its full supply level, excess water will
be released at a controlled rate in accordance with the terms of
the operating plan.
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If reservoir target drawdown levels for Rafferty and Alameda were
not reached prior to the spring runoff, then the volume in the
reservoir above the target drawdown level on February 1 will be
released within the spec1f1ed target flows at control points, and
they will be coordinated with the U.S. Fish and Wildlife Service.

At the discretion of the Saskatchewan Water Corporation, any of
the Canadian reservoirs may be drawn down below its target
drawdown level. Releases resulting from said drawdown will
remain within the specified target flows at control points, and
they will be coordinated with the U.S. Fish and Wildlife
Service.

At the discretion of the U.S. Fish and Wildlife Service, Lake
Darling may be drawn down below its target drawdown level for
resource management purposes. Releases resulting from said
drawdown will remain within <the specified target flows at
control points, and they will be coordinated with the
Saskatchewan Water Corporation and the U.S. Army Corps of
Engineers.

Sherwood Target Flow

The Sherwood target flow is a function of the Lake Darling pocl
level which is 1itself a function of the target flow at Minot. To
enable the operation of the total system for those objectives
set forth 1n Section 4.1, it is necessary to vary the target
flows at Sherwood as given on Plate A-5.

The maximum target flow at Sherwood will be as provided in Plate
A-5, except, that under certain conditions, the target flow may
be temporarily lowered. Once Lake Darling pool 1levels are
lowered to a level which allows the Minot target flow to be
maintained, the Sherwood target flow can be increased to the
starting value as was determined from Plate A-5. If releases
from the Canadian Reservoirs are not increased then the Lake
Darling operator must be notified immediately and releases from
Lake Darling reduced accordingly. The maximum target flow will
continue while water remains above FSL in either Rafferty or
Alameda and Lake Darling is below 1597 feet. By having a varying
target flow at Sherwood the summer release period would decrease
as well as the problems which occur with long summer releases.

ake Darlin eve

The release of the maximum target flow at Sherwood will allow
Lake Darling to release water at the Minot target level which
may be above the Sherwood maximum target level resulting in the
lowering of the Lake Darling pool below 1597 feet. The need to
draw Lake Darling below 1597 feet will only occur when there is
sufficient water in Rafferty and/or Alameda above their FSL’s to
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£fill Lake Darling back to 1597 feet and will enable releases of
excess water during the period before 15 May and at reduced
levels before 1 June. The drawing of Lake Darling pool below
1597 feet will allow the summer release period to be shortened
and in some cases it will not be needed.

4.3.3 Drawdown after Spring Runcff

If any of the reservoirs are above full supply level after the
spring runoff has occurred, the reservoir or reservoirs will be
brought down to full supply level using the methods outlined in
Section 4.3.2. It should be noted that at no time will relwzases
from the Canadian reservoirs cause the flows at Sherwood to
exceed the target flow from Plate A-5 unless the flow cannot ke
controlled by the reservoirs.

Post-Peak Flood Storage Release

After the peak stage has been reached in Lake Darling, target
releases are maintained until the pool has returned to full
supply level, with the following exceptions:

a. After June 1, 500 cfs or less is maintained. -

b. After May 15, but before June 1, the target flow at Minoct
is maintained at a 1level not to exceed 2500 cfs until
pool levels reach FSL, unless the 5000 cfs target must be
extended to enable the desired reservoir pool levels to
be reached by Feburary 1 of the following year.

4.3.4 Significant Spring and Summer Rainfall

If significant rainfall occurs during the spring or summer
flood recession, the Reservoir Regulation Manual will provide
for discharging the rainfall runoff based on following the
unregulated flow recession. All rainfall inflow to Lake Darling
above FSL is discharged until the unregulated flow recession at
Minot reaches 500 c¢fs. All rainfall runoff above Lake Darling
which would cause flows ii. excess of 500 cfs at Minot would be
stored, but not to exceed pool elevation 1598 feet. (Des Lacs
flow could at times cause flows higher than 500 cfs at Minot.)
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4.3.5 Flood System Operation Steps

The following operating steps would be used when the

February

flow estimate exceeds the limits as set forth in Section 4.3.

OPERATING PLAN STEPS

These steps use English Units only to avoid confusion.

I. PRE~-FLOOD ( 1 February to start of runoff )
A. Determine Sherwood 30-day volume
B. Determine Rafferty 30-day volume
C. Determine Alameda 30-day volume

D. Determine local Sherwood 30-day volume:

1. Subtract Rafferty from Sherwood 30-day volume ([ I.A -

I.B = I.D.1 ]

2. Subtract Alameda from result of above [ I.D.1 - I.C

I.D.3 ]

3. This result is the Sherwood local 30-day volume

E. Determine 30-day volume not controlled by Rafferty and

Alameda

1. Determine Rafferty starting storage value

in Ac-Ft

L

Based on the estimated runoff volume and Plate A-1,

determine what pool level Rafferty should be at or

below.

a. If the actual pool level 1is below that level
required, use the actual level in the following steps.

b. If the actual pool level 1is above

the level
i the

required, use the level shown on Plate A-1 1in

following steps.

2. Subtract starting storage from 513,000 Ac-Ft (513,000

- I.E.1=I.E.2]

3. Determine if 30-day volume is controlled:

a. 1if result from E.2 above is larger than

volume there is no excess [ I.E.2 > I.B ],

b. if not, subtract E.2 amount from 30-
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4. Determine Alameda starting storage value in Ac-Ft
Based on the estimated runoff volume and Plate A-3,
determine what pool 1level Alameda should be at cr
below.

a. If the actual pool 1level 1is below that level

required, use the actual level in the following sters.

b. If the actual pool 1level 1is above the level
required, use the 1level shown on Plate A-3 in the
following steps.

5. Subtract starting storage from 148,660 Ac-Ft [148,660
- I.E.4=I.E.5]

6. Determine if 30-day volume is controlled:

a. 1if result from E.5 above is larger than 30-day
volume there is no excess [ I.E.5 > I.C ],

b. 1if not, subtract E.5 amount from 30-day value,
this is the Alameda excess [ I.C - I.E.5 = I.E.6b.]

7. 1If it is determined that the estimated 30-day volumes
from Rafferty and Alameda will not exceed their FSL’s
and therefore minimum releases are expected, the Lake
Darling operater MUST be informed, so that Lake
Darling can be at full supply level after flood

( If ( I.B - ( 356,400 - I.E.1 )) < 0 and
( I.c - ( 78,330 - I.E.4 )) < 0, then call ]

F. Determine the uncontrolled 30-day volume at Sherwocod by
adding the Rafferty and Alameda excesses 1f any to the
Sherwood local 30-day volume found above [I.D.3+I.E.3.b +
I.E.6.b = I.F.)

G. Using result from "F" above determine Lake Darling
starting pool level from Plate A-4 [ I.F + Plate A-4 ==>
I.G ]

H. Determine starting Sherwood target flow by using Plate
A-5 and the total Sherwood 30-day volume from "A" above
[ I.A + Plate A-5 ==> I.I ]

I. Determine Minot target flow by using Plate A-6 and the
total Sherwood 30-day volume from "A" above [I.A + Plate
A-6 ==> I.H)]

J. Determine Boundary 30-day volume

K. Determine if Boundary storage must be used from Plate A-2
Determine if Diversion Channel will be used

M. Adjust estimate of 30-day voulume at Sherwood based on
use of Boundary and/or Diversion Channel
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II. DURING FLOOD ( 16 March to 31 May )

A. Using data as 1is available from within basin estimate
the peak discharge to be expected at Sherwood:

1. 1if discharge is less than target flow at Sherwood,
releases can be made from Rafferty and Alameda which
increase the peak to, but not greater than, target

2. if discharge 1is greater than target flow at
Sherwood, releases are not to be made from Rafferty
and Alameda which will add to the peak flow at
Sherwood

B. Sherwood Target - After peak at Sherwood

After the peak flow has occurred at Sherwood, estimate
the average daily flows expected at Sherwood from the
uncontrolled areas. Using this flow, the current Lake
Darling pool elevation, and the local flows at Minot,
estimate future Lake Darling pool elevations. Using this
data, to include the Sherwood target flows, make releases
to drawdown Rafferty and Alameda within the target flows
in Plate A-5. Plate A-9 contains storage data for Lake
Darling to aid in the estimates.

Repeat this operation as needed to reduce pool levels to
FSL.

Note: The same starting Sherwood target flow is used for
the entire flood event, UNLESS, the estimated 30-day
volume at Sherwood is adjusted based on updated data.

C. To aid in the operation of ALL reservoirs ALL operators
must communicate on a regular basis.

D. Based on reservoir levels, determine if the Minot target
date of 15 May must be extended so that the 500 <cfs
maximum at Minot after 1 June will not be exceeded.

III. POST FLOOD ( 1 June to 31 January )

A. Following the operating guidelines, release allowable
flows to bring the reservoirs to their FSL’s

B. Review actions taken during floocd and note problems which
occurred

C. If flood was a large event, prepare a Post Flood Report
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4.4 Nonflood Operation

Primary emphasis 1is given to operations during years of flood
runoff; i.e., when the spring runoff volume exceeds a 10-percent

flood. Nonflood operations are guided primarily by the
International Souris River Board of Control (see Section 4.1,
International Apportionment). This operating plan reflects the

agreement between the parties regarding flows in nonflood years,
and some guidance on the implementation of that agreement. It is
recognized, however, that the actual implementation of the
agreement will be dependent upon the close coordination of the
parties during the hydrologic year.

4.4.1. Nonflood Project Operation Steps

1. The flow passed to North Dakota shall be either 40 percent or
50 percent of the natural flow at Sherwood according to the
conditions listed in Section 4.1 as determined by the
International Souris River Board of Control.

2. At the May meeting of the International Souris River Board
of Control, an apportionment balance will be estimated.

3. If additional releases are needed to meet the apportionment
balance, the interested parties in North Dakota will assess
their needs. If the releases would not be of benefit at that
time, they may be delayed.

4. If releases are delayed, they may be called for at any time
before October 1. If they are not called for before
October 1, the wvater may be retained for use in Saskatchewan.

5. If delayed releases are called for, the released volume which
has been delayed will be measured at the point of discharje
from the Canadian reservoirs and not at the Sherwcod gace.

6. On October 1, a final apportionment balance wil. o«
determined. Any portion of the North Dakota appcrticnrer:
remaining in Saskatchewan on October 1 shall te ::: -
arithmetically to the storage in Lake Darling on ot o -
to determine the October 1 level of Lake Darling fcor .
of Section 4.2.a.

4.5 Operating Provisions During Constructicn an:

All parties agree to use their best effcrts °
protection during construction of the Pro-e.-
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5.0 REPORTS

Reports will be prepared each year by both the Saskatchewan
Water Corporation and the United States Fish and Wildlife
Service'V describing the operation of the Project from September 1
to the end of the spring runoff. The report will be issued to
the International Sourils River Board of Control by May 15 and as
a minimum will include a description of the operation of the
reservoirs including any problems encountered, a summary of
water levels, inflows and releases from each reservoir, and an
estimate of reservoir levels, inflows and releases for the
remainder of the calendar year.

6.0 LIAISON

Each of the parties shall appoint a liaison person with whom the
other parties may consult from time to time as to the operation
of the works.

Representatives from the U.S. Army Ccorps of Engineers,
Saskatchewan Water Corporation, U.S. Fish and Wildlife Service,
and the North Dakota State Water Commission will be responsible
for monitoring and updating the operating plan. It is expected
that the reservoir operations will need to be closely monitored
for the first several years after the project goes into
operation.

7.0 DATA AND COMMUNICATION

The parties shall exchange all desirable data collected with
respect to the management of water in the Souris River Basin and
keep open the lines of communication between one another with
the full intention of having all parties adequately informed of
all activities related to this agreement.

(1) In any year in which flood operations occur, the U. S. Army
Corps of Engineers will prepare a post-flood report. This report
will then become a part of the Fish and Wildlife Service report.
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PREFACE

The Souris River Basin flood control project is designed to provide
flood protection at Minot, North Dakota, and other areas along the
Souris River in North Dakota. This draft environmental impact statement
focuses on the effects of project flood control features and their
operation during flood events. Flood control features include: flood
storage in Rafferty and Alameda reservoirs in Saskatchewan, Canada,
modification of the outlet structures at Lake Darling Dam for flood
operation, Burlington to Minot levees, and rural downstream measures.
In addition, mitigation features will be provided to the U.S. Fish and
Wildlife Service and compensation will be provided to Manitoba for any
operational damages that occur from flood operation. The operation of
water supply storages at Lake Darling Dam, Rafferty Dam, and Alameda Dam
were not considered for study under the project authority and are not a
part of this project.

Planning for flood control in the Souris River Basin has been ongoing
for a number of decades. In more recent times, the Burlington Dam
project is the starting point for a history of currently proposed
actions. The Burlington Dam was authorized in 1970 as a means of
providing flood protection for the city of Minot, North Dakota.
Controversy concerning the Burlington Dam project led, at the request of
people in the Souris River Basin, to a halt of Burlington Dam efforts
and to the authorization of a Y4-foot raise of the Lake Darling flood
pool to provide 25~year flood protection at Minot (1982 Energy and Water
Development Appropriations Act). The St. Paul District, U.S. Army Corps
of Engineers (Corps) completed environmental impact statements for the
Lake Darling project and attendant features in 1983 and 1985. The final
EIS for the Lake Darling feature was filed with the Environmental
Protection Agency (EPA) in February 1986.

During the same period that planning efforts in the United States were
concentrating on flood control, similar efforts were underway in
Saskatchewan for multipurpose water resource development focusing on
water supply. In an effort to improve water management capabilities,
Saskatchewan interests constructed Weyburn Dam in 1940 and Boundary Dam
in 1958 and expanded the capacity above a new Weyburn Dam in 1983. 1In
the late 1970's - early 1980's, planning efforts focused on a proposal
to construct Rafferty Dam on the Souris River near Estevan,
Saskatchewan, and Alameda Dam on Moose Mountain Creek near Alameda,
Saskatchewan.

In March 1983, North Dakota and Saskatchewan interests established a
North Dakota-Saskatchewan Boundary Advisory Committee (NDSBAC) for
discussing matters of mutual concern. The areas of concern were
primarily agriculture, water resources, economic development and
tourism, and environmental protection. For many years, individuals,
groups, and agenclies had suggested that the "real solution” to the
Souris River basin flood and related water resource problem was in a
"total basin approach" involving a joint United States/Canada project.




In early 1984, with the recommendation of tne NDSBAC, through the
Saskatchewan Ministry of Economic Development and Trade and the Governor
of North Dakota, a request was made for the Corps of Engineers to
participate in a determination of the feasibility of using flood storage
in Saskatchewan, Canada, for flood damage reduction in the United
States. North Dakota interests pursued this matter through their
congressional representatives. In August 1984, a resolution of the
Senate Committee on Environment and Public Works authorized the Corps,
in cooperation with Canada, to investigate the feasibility of Canadian
multipurpose reservoirs in which the United States would purchase flood
storage.

Since study authorization, discussions have taken place with
Saskatchewan interests concerning the purchase of flood storage in two
proposed reservoirs in the Souris River Basin in Canada (Rafferty and
Alameda rese:voirs). The principal United States participants in the
discussions nave been the State of North Dakota, the Corps of Engineers,
the city of Minot, and the U.,S. Fish and Wildlife Service. At the
beginning of discussions, the Saskatchewan government officials
indicated that they were on a tight schedule for the construction of
Rafferty and Alameda reservoirs to provide cooling water for planned
fossil fuel electric generating facilities. They indicated a need to
have a United States commitment of interest by December 1985, to meet
their construction schedule for Rafferty and Alameda Dams and the Shand
power facilities.

In January 1985, the Corps of Engineers initiated a study which provided
preliminary findings by July 1985 that flood storage in Saskatchewan was
economically feasible., Further studies, in coordination with
Saskatchewan and principal State and Federal agencies, indicated that
providing 100-year protection at Minot, North Dakota, and substantially
reduced flood damages along the Souris River in North Dakota was
feasible. By an allocation of costs based on the Use of Facilities
method of analysis, a United States contribution of $41.1 million was
determined to be justified for storage in both Rafferty and Alameda
reservoirs.

Following discussions with Saskatchewan on the benefits to the United
States for flood storage in the Province, Saskatchewan agreed in
principle in February 1986 to include flood storage for the United
States in Rafferty and Alameda reservoirs. On 17 November 1986,
Congress authorized the Souris River Basin Project to purchase flood
storage in Rafferty and Alameda reservoirs and to provide compatible
works in the United States. Further studies and discussions between
Saskatchewan and principal agencies led to a 28 May 1987 agreement in
principle to an operating plan for the project. Parties in the United
States that signed the agreement included the North Dakota State
Engineer (State Water Commission), the Souris River Joint Water Resource
Board (United States project sponsor), the city of Minot, the U.S. Army
Corps of Engineers, and the U.S. Fish and Wildlife Service.




The distribution of flow between the United States and Canada is
monitored by the Souris River Board of Control and governed by the 1959
Interim Agreement between Governments as a result of the Boundary Waters
Treaty of 1909. The interim agreement establishes that at least 50
percent of the natural runoff has to be delivered to the United States
at Sherwood, North Dakota. The natural runoff is currently defined as
the flow that would have occurred in a state of nature less
contributions from previous noncontributing areas to include drainage
from the Yellow Grass Ditch area and a pipeline diversion near Estevan,
Saskatchewan.

The Souris River Basin is a semiarid region. Flood flows normally occur
in the early spring as a result of snowmelt., During the remainder of
the year, Souris River flows are usually very low. In the past, the
Province of Saskatchewan has not had the capability to retain its 50
percent of natural runoff other than in the driest years. Historically,
Saskatchewan has retained from O to 55 percent of the natural flows,
with a long-term average retention of 15 percent. Since 1940, and as
recently as 1983, Saskatchewan has been constructing facilities to
increase its ability to retain its rightful share (50 percent) of Souris
River Basin runoff. Saskatchewan's recent planning history and its need
for water to sustain development in the southern area of the Province
indicate the Province will continue to pursue construction of facilities
to this end.

This draft environmental impact statement (DEIS) addresses the potential
impacts of the flood control project upon environmental resources within
the United States. This DEIS does not address project impacts within
Canada. Those impacts are addressed in an environmental impact
statement prepared by the Souris Basin Development Authority in
compliance with Canadian laws and regulations. The Canadian EIS was
released for public review in August 1987. The public review of that
document is currently expected to be completed in December 1987. An
important determination is what constituted the most probable future
"without project" condition. From a planning perspective, this
determination is significant because the most probable future "without
project” condition is the base against which the effects of a proposed
action are measured. The Corps of Engineers has determined that the
most probable future "without project" condition is that, without United
States participation, Saskatchewan interests would construct facilities
to allow them to retain their 50 percent of Souris River Basin runoff
with construction of Rafferty and Alameda reservoirs for water supply
storage as the currently planned facilities. The probable impacts of
construction and operation of these reservoirs for water supply purposes
on United States resources are discussed as the most probable future
"without project" condition.

Under the most probable future "without project™ condition, a
substantial change would occur to the water regime on the Souris River.
Saskatchewan would retain the full 50 percent of its water from spring
high flows when water is most abundant, and pass excess flood flows as
they occurred without any storage. The retention of water during spring
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nigh flows under the most probable future "without project" condition
would not have a significant effect on flood flows in the United States,
especially the large flood events, as Rafferty and Alameda reservoirs
constructed for water supply only would not have the capacity to retain
the water from these large events. Unregulated flows would enter the
United States as in the past when they often cannot be used for
beneficial purposes. In some years, that flow could constitute the
United States allocation of water. Conversely, in nonflood years,
Saskatchewan would have the capability to store water that could be made
available to supplement low flow needs in the United States if the
necessary agreements between Saskatchewan and North Dakota could be
implemented.

A significant unknown concerning the most probable future "without
project™ condition is what impact the Saskatchewan reservoirs will have
upon the quality of water entering the United States. This draft EIS
uses the most current predictions available, based primarily upon
studies done by Saskatchewan interests for their EIS and on discussions
with the North Dakota Public Health Department. The North Dakota Public
Health Department and State Water Commission have scheduled talks with
Saskatchewan in November 1987 to discuss water quality issues. The U.S.
Fish and Wildlife Service and the Environmental Protection Agency have
agreed to participate in the meetings. Topics to be covered include
thermal stratification, ammonia/dissolved oxygen, TDS/boron, nutrients,
and mercury in fish. These talks may lead to further investigations.
The Corps has been invited to attend these discussions as an observer.
Based upon current information, the Corps believes that adding flood
storage to the Saskatchewan reservoirs will not have a significant
impact upon the quality of water entering the United States when
compared to the most probable future "without project®™ condition.

There was not total agreement with the U.S. Fish and Wildlife Service in
regard to some issues during the planning process. The U.S. Fish and
Wildlife Service, in its Coordination Act Report, did not agree with the
Corps basis for the most probable future "without project™ condition,
believing instead that without a United States contribdbution,
Saskatchewan would not build Alameda and Rafferty reservoirs for water
supply storage. That is, the dams would not be built and the United
States would continue to receive Souris River flows from Saskatchewan in
quantity and quality similar to what has occurred in the past. 1In
recent discussions, the U.S. Fish and Wildlife Service has acknowledged,
based on current more detailed Saskatchewan actions toward construction
and past development within the Province, that for the purposes of this
EIS the Corps basis for the most probable futare "without project®
condition is appropriate. The Corps has also acknowledged that the
final EIS may include impacts not directly attributable to the project
regardless of the perspective of the "without project"™ condition.

It is important that reviewers of this document recognize that
Saskatchewan can proceed to construct dams for multipurpose water use
within the Province, as long as the water retained each year meets the
apportionment at the United States border, without any environmental




documents being prepared by any United States agency. The State of
North Dakota and the U.S. Fish and Wildlife Service recognize this
important item. The State of North Dakota is working with the Province
to address these concerns. The purchase of flood storage by the United
States on top of the water supply storage and the operation of the
Souris River Basin project for flood control purposes are the actions
addressed in this EIS. The resulting environmental, sociological, and
economic impacts are identified in this EIS.

The action to provide flood storage in Saskatchewan to reduce damages in
the United States will provide an added benefit as the stored water is
released. Without the storage, excess water from moderate flood events
would enter the United States at times when it could not be totally or
beneficially used. With storage, water could be released when it could
best be used within the United States.
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DRAFT
ENVIRONMENTAL IMPACT STATEMENT
SOURIS BASIN FLOOD CONTROL PROJECT
SOURIS RIVER,
RENVILLE, WARD, MCHENRY, AND
BOTTINEAU COUNTIES, NORTH DAKOTA

The responsible lead agency is the U.S. Army Corps of Engineers District, St.
Paul, Minnesota. The responsible cooperating agency is the U.S. Fish and
Wildlife Service.

Abstract - The purpose of this document is to analyze the environmental
impacts of providing flood protection in the Souris River basin through
storage of floodwater in Saskatchewan, Canada, and construction of compatible
Lake Darling project features in the United States. The proposed plan would
provide protection from the 100-year flood at Minot through simultaneous
regulation of water 1levels in Lake Darling and two proposed reservoirs 1in
Saskatchewan. The dams in Saskatchewan are being planned to provide water
supply in Canada. The U.S. would contribute funds to build these dams higher
so that they would also provide flood protection for the U.S. portion of the
basin.

Primary impacts of the proposed project (flood protection using storage of
water in Canada) stem from alteration of flows in the Souris River. During
non-flood periods less water would be delivered to North Dakota due to an
*evaporation sharing agreement®” which would be instituted as a part of the
project. During flood years peak flows would be reduced and durations would be
prolonged as a result of the flood operation plan. Major impacts associated
with the project include changes in floodplain vegetation, 1loss of wildlife
use of habitat during prolonged inundation, reduced habitat management
capabilities on two National Wildlife Refuges, losses of wetland vegetation,
potential declines in the Lake Darling fish resource, and changes in wildlife
populations resulting from vegetation impacts. Many of the potential impacts
are similar to those associated with the earlier Lake Darling Four-Foot Raise
project because the proposed operation plan downstream of Lake Darling 1is
similar to that of the Lake Darling project. The proposed fish and wildlife
mitigation plan 1is also similar to the plan developed for the Lake Darling
study.

If you want further information on this EIS, please contact:

Mr. Charles E. Worikman

U.S. Army Engineer District, St. Paul
1135 U.S. Post Office and Custom House
St. Paul, Minnesota 55101-1479

FTS telephone: 725-7745% .

Commercial telephone: (612) 725-7745

Send your comments to the District Engineer within 45 days of the notice in
the Federal Register. The notice should appear within 1 or 2 weeks after the
initial mailing of this EIS.
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1.0 SUMMARY

Major Findings and Conclusions

1.01 The Souris Basin flood control project is authorized by the Water
Resources Development Act of 1986 (PL 99-662). The authorization directs the
Corps of Engineers (COE) to study and to participate 1in construction of
reservoir projects in the Canadian Province of Saskatchewan and flood damage
reduction measures in the United States. The objective of the project is to
provide 100-year flood protection for the city of Minot.

1.02 Two plans were studied during project planning: a) the Souris Basin plan
which would provide 100-year protection through storage of floodwater in
Canada; b) the Lake Darling plan which would provide 25-year protection with a
four-foot raise of the lake. Economic, engineering and environmental analyses
of these plans concluded that the Souris Basin plan should be recommended as
the best solution to flooding problems along the Souris River. The Souris
Basin plan is environmentally preferrable because it has less impact on the
resources of the United States. Both plans have the same net benefits, but the
Souris Basin plan was selected because it offers 100-year protection for the
city of Minot.

1.03 The environmental analysis found that the selected plan complies with
all applicable environmental laws and regulations. Laws and regulations
especially important to the planning .of this project 1include E.0. 11990
(Protection of Wetlands), E.O. 11988 (Prevention of Floodplain Development),
E.0. 12114 (Environmental Effects Abroad of Major Federal Actions), and the
Endangered Species Act.

1.04 The purchase of flood storage would not have any effects on resources of
2lobal importance and is therefore in compliance with E.0. 12114. Construction
of reservoirs in Saskatchewan would have significant adverse 1impacts on
Canadian natural resources, however these impacts are not discussed in this
document Dbecause they are not attributable to the purchase of flood storage.
Impacts associated with construction of the dams in Saskatchewan are discussed
in environmental impact statements prepared by the Souris Basin Development
Authority. The Canadian EIS is available from the Souris Basin Development
Authority, 814-4th Street, Estevan, Saskatchewan, Canada, 54A 0V9.

1.05 The environmental analysis also found that the primary impacts of the
proposed project are a direct result of the altered hydrologic conditions,
especlally the altered flood flows. Most of the impact occurs in the Souris
River floodplain where releases of stored floodwaters impact floodplain
vegetation and wildlife use of these habitats; and on the J. Clark Salyer
National Wildlife Refuge where management capabilities would be disrupted
during prolonged discharge of floodwater and wetland values would be lost.

Areas of Controversy

1.06 Control of flooding on the Souris River is greatly desired 1locally,
especially in Minot. However, past proposals for flood control have met with
opposition, due to some negative consequences outside of Minot. The Souris
Basin project by storing water outside of the U.S., eliminates or displaces to
Saskatchewan many of the grounds for controversy.
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1.07 Comments received during project planning indicate there are outstanding
issues which could become controversial during public review of this document.
These 1issues include regional impacts occuring in Saskatchewan which are of
concern to U.S. environmental interests, the perception or reality of lower
river flows for North Dakota during drought years, and the effects of
operating releases on agricultural lands and the National Wildlife refuges.
Although these issues have been extensively coordinated with representatives
of the State, Federal, and Canadian government, they have not been fully
coordinated with the affected publics due to ongoing negotiations with
Canadian officials regarding the specifics of the low-flow and flood operation
plans; hence, the degree of controversy, if any, will be unknown until public
meetings are held (see paragraph 6.03).

Unresolved Issues

1.08 An unresolved 1issue involves the amount of payment to Manitoba for
damages from floodwater releases from Lake Darling. The Lake Darling Four-Foot
Raise project 1included a one-time payment of $200,000 for these damages.
Manitoba has since indicated that this amount of money 1s inadequate; hence,
further discussion and study are needed to determine acceptable compensation.

Relationship to Environmental Requirements

1.09 The proposed project fully complies with applicable environmental
protection statutes and Executive Orders for the current stage of planning
(table 1). Environmental statutes and Executive Orders important to the
decision on this project include the National Environmental Policy Act of
1969, the Water Resources Planning Act of 1965, the Fish and Wildlife
Coordination Act of 1958, the Endangered Species Act of 1973, the Land and
Water Conservation Fund Act, the Archeological and Historic Preservation Act,
Executive Order 11988 on Floodplain Management, Executive Order 11990 on
Protection of Wetlands, and Executive Order 12114 on Environmental Effects
Abroad of Major Federal Actions.

1.10 The proposed action also complies with Section 404 of the Clean Water
Act as a result of analyses conducted for the Lake Darling 4-foot raise
project and water quality certification received from the State of North
Dakota (Appendix 7). The proposed plan differs from the Lake Darling project

in that it eliminates the requirements to place fill in some areas (e.g., Dam
41), and would require placement of less fill in other areas (e.g., Lake
Darling Dam). It does not require placement of fill material 1in any

additional areas and is therefore in compliance with the Act. The purchase of
flood storage in Canadian reservoirs, in and if itself, 1s not an activity
requiring water quality certification.

Further Studies

1.11 Further cultural rescurces studies are planned. These include: 1) survey
and testing of sites located in the area from the Canadian border to that area
which was previously survey=d for the Lake Darling project; 2) survey and
testing of sites that may be located in the borrow areas necessary for
construction of facilities around Lake Darling Dam and fish and wildlife
mitigation measures downstream of the dam.
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1.12 Representatives of Saskatchewan and North Dakota are currently hoiding
discussions concerning the potential water quality effects of the construction
and operation of Rafferty and Alameda reservoirs for water supply. The Corps
of Engineers has been invited to attend these discussions as an observer.
These discussions may lead to further water quality studies that could enhance
the ability to predict future without project water quality conditions.

2.00 NEED FOR AND OBJECTIVES OF ACTION

Project Background

2.01 The Souris Basin project is the third phase of flood control studies for
the Souris Valley in North Dakota. The channel modification in Minot, which
was authorized 1in 1970 and completed in 1979, was the first phase of
construction. The Velva levee project, which was authorized in 1982 and
scheduled for completion in 1987, 1is the second phase of construction. In
1970, the Burlington Dam project was authorized as the third phase of the
flood control plan, however, much controversy developed which eventually
prompted Congress to direct the Corps of Engineers (COE) to study provision of
flood protection with a four-foot railse of Lake Darling and defer constructing
Burlington Dam. In 1984 a Senate committee adopted a resolution authorizing
the COE to investigate the feasibility of purchasing flood storage at proposed
reservoirs in Saskatchewan, Canada. Based on studies completed in September
1986, the COE recommended further investigation of the Souris Basin project
which calls for purchase of flood control storage in Canada, modification of
the gated outlet of Lake Darling Dam, and downstream flood control measures.
The proposed project was authorized by Congress 1n the Water Resources
Development Act of 1986 (Public Law 99-662).

2.02 To date, the following environmental documents related to flood control
in the Souris Basin have been produced:

a) Draft and Final Environmental Impact Statements covering flood control
through construction of the Burlington Dam. (St. Paul District 1978)

b) Draft and Final Programmatic Environmental Impact Statements covering
a general program for flood control along the Souris River including a four-
foot raise of Lake Darling, a variety of features to protect homes and roads
adjacent to the river, and construction of levees at Velva, Sawyer, and six
subdivisions between Burlington and Minot. (St. Paul District 1983)

c) DRAFT AND FINAL FEATURE ENVIRONMENTAL IMPACT STATEMENTS FOR THE FOUR-
FOOT RAISE OF LAKE DARLING. (ST. PAUL DISTRICT 1985) THIS DOCUMENT IS
INCORPORATED BY REFERENCE INTO THIS ENVIRONMENTAL STATEMENT AS A SOURCE OF
MATERIAL ON PROJECT HISTORY AND ON THE IMPACTS OF THE LAKE DARLING 4-F00T
RAISE PROJECT. COPIES ARE AVAILABLE UPON REQUEST FROM THE ST. PAUL DISTRICT.

Study Authority

2.03 Current authorization for the Souris Basin project is included in the
1986 Water Resources Development Act, Public Law 99-662, which was signed on
17 November 1986. The following is an extract from that authorization (full
authorization is given in the attached General Plan Report):
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Table 1
Relationships of the Proposed Plan to Environmental Requirements

Lake Souris
Darling No Basin
Federal Statutes Plan Action Plan

Archaeological and Historic Preservation Act,

as amended, 16 U.S.C. 469, et seq. Full N/A Full
Clean Air Act, as amended, 42 U.S.C. 7401, et seq. Full Full Full
Clean Water Act, as amended (Federal Water

Pollutioa Control Act), 33 U.S.C. 1251, et seq. Full Full Pull
Coastal 2one Management Act, as amended, U.S.C.

1451, et seq. N/A N/A N/A
Endangered Species Act of 1973, as amended, 16

U.S.C. 1531, et seq. Full Full Full
Estuary Protectiom Act, 16 U.S.C. 1221, et seq. N/A N/A N/A
Federal Water Project Recreationm Act, as amended,

16 U.S.C. 460-1(12), et seq. Full Full Full
Fish and Wildlife Coordination Act, as amended,

16 U.S.C. 661, et seq. Full Full Full
Land and Water Conservation Fuand Act, as amended,

16 U.S.C. 4601-11, et seq. Full Full Full
Marine Protection, Research and Sanctuaries Act,

22 U.S.c. 1401, et seq. N/A N/A N/A
Natiopnal Environmental Policy Act of 1969, as

amended, 42 U.S.C. 4321, et seq. Full Full Full
National Historic Preservation Act of 1966, as

amended, 16 U.S5.C. 470a, et seq. Full N/A Full
National Wildlife Refuge System Administratiom Act,

of 1966, 16 U.S.C. 668dd-ee, as amended. Full Full Full
Rivers and Harbors Act, 33 U.S.C. 401 et seq. N/A N/A N/A
wWatershed Protection and Plood Prevention Act,

16 U.S.C. 1001, et seq. N/A N/A N/A
Wild and Scenic Rivers Act, as amended, 16 U.S.C.

1001, et seq. N/A N/A N/A
Farmland Policy Protection Act of 1981 N/A N/A N/A

Executive Orders, Memoranda

Floodplain Management (E.O. 11988) Full Full Full
Protection of Wetlands (E.O0. 11990) Full Full Full
Environmental Effects Abroad of Major Federal

Actions (E.O0. 12114) Full N/A Full
Analysis of Impacts on Prime and Unique Farmlands,

CEQ Menorandum 30 August 1976 Full Full Full
State and Local Policies Full Full Full
Land Use Plans Full Full Full
Notes: The compliance categories used in this table were assigned

according to the following definitionms.
a. Full compliance - All requirements of the stytute, EO, or other

policy related regulations have been met for the current stage of planning.

b. Partial compliance - Some requirements of the statute, EO, or
other policy and related regulations remain to be met for the current stage
of planning.

¢. Noncompliance - Violation of a requirement of the statute, EO, or
other environmental requirement.

d. Not applicable (N/A) - Statute, EO, or other policy not applicable
for the current stage of planning.

(1) See Cultural Resources Impacts Section for a discussion of
compliance on a feature by feasture basis and for a discussion of work to be
accomplished to achieve compliance with regulations.
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Sec. 332. (a)(1l) On behalf of the United States, the Secretary (of
the Army), in consultation with the Secretary of State, 1is
authorized to cooperate with governments in Canada to study and to
construct reservoir projects for storage in the Souris River basin
in Canada to provide flood control benefits in the United States.

The authorization also contains funding limitations ($41,100,000 for purchase
of storage in Canada and $69,100,000 total cost), a provision to deauthorize
the Burlington Dam and the 4-foot raise of Lake Darling dam if the Canadian
dams are constructed, and the authority to make modifications %to Lake Darling
(exclusive of a four-foot raise) to make it an effective part of the flood
control project.

Public Concerns

2.04 The major concern expressed by Minot residents is the need for flood
damage reduction and protection of public health and safety during floods on
the Souris River and its tributariles. Although Minot 1s afforded protection
from the 16-year flood by the existing channel modification project, the
potential for damages from larger floods is still great. Not only are urban
areas such as Minot, Velva, Sawyer, and 6 subdivisions subject to flood
damages, but rural residents 1in the Souris Valley suffer both damage to
structures and crop delays caused by flooding.

2.05 At the outset of the environmental analysis, views from concerned
agencies and individuals were solicited so that critical environmental issues
could be identified and addressed in the environmental impact statement. The
following 1s a summary of the issues which were identified (copies of the
letters received are included in appendix 2).

a) Effects of the project on Cultural Resources in Canada (North Dakota
State Historical Society)

b) Impacts to natural resources in Canada (National Wildlife Federation).

¢) Impacts and alternatives to water cooled power generation in
Saskatchewan (National Wildlife Federation).

d) Altered benefit/cost ratios for downstream levees due to the proposed
100-year protection (National Wildlife Federation).

e) Water supply to the "Eaton flood project" (Johnathon C. Eaton).

f) Future without-project conditions should be the same as existing
conditions (Fish and Wildlife Service).

g) Hydrologic models should consider both water supply and flood flows
(Fish and Wildlife Service).

h) Effects of prolonged releases during the 50 and 100-year floods (Fish
and Wildlife Service).

1) Effects on the waterfowl and water supply functions of Lake Darling
(Fish and wWildlife Service). ’

J) The EIS should provide a good description of future without-project
conditions (Environmental Protection Agency).

k) The EIS should contain a good assessment of the no-action, four-foot
raise, and Canadian storage alternatives (Environmental Protection
Agency).

All of these issues have been addressed at various points in this EIS.
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Planning Objectives

2.06 The primary planning objective identified in the United States in North
Dakota is to:

Reduce flood damages along the Souris River in the United States to
reduce local, State, and Federal flood damage costs during the 1990-
2090 period of analysis.

[$S)

.07 In conjunction with the primary objective, other planning objectives are

to

o Contribute to fish and wildlife resources of the Souris River basin to
protect or enhance this resource for the 1990-2090 period of analysis.

o) Contribute to the water supply resources of the Souris River basin to
help meet current and future water supply demands for the 1990-2090
period of analysis.

o Contribute to the improvement and/or conservation of water quality of the
Souris River 1in the Souris River basin to protect or enhance water
quality for the 1990-2090 period of analysis.

o Contribute to recreation of the Souris River basin to help meet current
and future recreation demands for the 1990-2090 period of analysis.

o Contribute to the social, cultural, aesthetic, and historical resources
in the Souris River basin to preserve and enhance these values for the
1990-2090 period of analysis.

o Contribute to the security and welfare of the State of North Dakota and

the United States to preserve and enhance the overall social well-being
for the 1990-2090 period of analysis.

Planning Constraints

2.08 Saskatchewan’s priority to have Rafferty Dam under construction by the
spring of 1988 and requirement for a United States commitment to support the
flood control cost of the project allow little time for normal U.S. planning,
authorization, appropriation, and financing procedures. A special United
States planning effort to meet Saskatchewan’s schedule will be required from
Federal, State, and local agencles and interests to implement the project as
scheduled. Without this effort, an opportunity for achieving 100-year
protection at points along the Souris River in North Dakota would be lost.
Interim reports and actions may be required to separate project features in
Saskatchewan and features in the United States tc¢ meet Saskatchewan’s
schedule.

3.00 ALTERNATIVES
PLANS ELIMINATED FROM FURTHER STUDY
3.01 Through the numerous flood damage reduction plans for the Souris River

Basin have been identified and considered. These plans included floodplain
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evacuation, construction of a dam at Burlington, North Dakota, diversion of
floodwater along the Canada-U.S. border, construction of levees around the
flooded cities, routing floodwater through a tunnel under Minot, construction
of a larger Lake Darling dam, and various combinations of these plans.
Detailed descriptions of eliminated plans and reasons for their elimination
are given in the Lake Darling Four-Foot Raise EIS.

NO ACTION

3.02 Under the no action alternative, no further flood control measures on the
Souris River would be implemented. This alternative would not change existing
flood protection features at Minot and Velva, but would eliminate other flood
protection measures which are at various stages of planning and implementation

(e.g., the Burlington to Minot improvements, Sawyer levees, rural downstream
measures, upgrading of refuge structures, raising of the Lake Darling Dam, and
purchase of flood control in Saskatchewan). The no action alternative also

assumes that the province of Saskatchewan would construct Rafferty and Alameda
dams. However, the dams would be constructed for water supply in Canada and
would not provide flood control benefits in North Dakota (refer to paragraph
4.72 for a more detalled discussion of the implications of this future without
assumption).

3.03 THE NO ACTION ALTERNATIVE IS NOT A FEASIBLE ALTERNATIVE BECAUSE THE
CONGRESSIONAL AUTHORIZATION FOR THIS STUDY REQUIRES EITHER PURCHASE OF FLOOD
CONTROL 1IN <CANADA OR THE RAISE OF LAKE DARLING FOR THE PURPOSE OF FLOOD
CONTROL. THE NO ACTION ALTERNATIVE PROVIDES A BASELINE AGAINST WHICH TO
COMPARE THE TWO ALTERNATIVE PLANS.

LAKE DARLING PLAN

3.04 The Lake Darling plan includes a 4-foot raise of Lake Darling plus other
flood control measures upstream and downstream of the Lake Darling dam. It is
the same plan recommended in the Lake Darling EIS. Total costs would be
$63,687,000, with a benefit-cost ratio of 1.77 at a 5 1/8 percent interest
rate. Authorization for the current study dictates that the Lake Darling plan
is to be pursued only if the Souris Basin plan is infeasible (see paragraph
2.03).

3.05 The Lake Darling plan is cowprised of the following features (detailed
descriptions are provided in the Lake Darling 4-foot raise EIS.

Feature A: Raise Lake Darling Dam - Lake Darling dam would be raised 4 feet
so that flood water could be stored behind the dam. The
additional storage would protect Minot from all floods smaller
than the 25-year event. Occasional storage of flood water behind
the raised dam would also require purchrse of flowage easements on
approximately 1180 acres of privately owned land.

Feature B: McKinney Cemetery Levee - of flood water behind Lake
Darling dam would occasior .nundate McKinney Cemetery. In
order to prevent damages a levee would be constructed on the
riverwvard side of the ceme ry.
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Feature C: Renville County Park - This residential area at the upstream end
of Lake Darling would be protected from flooding by a levee and
modification of the Souris River channel.

Feature D: Eckert Ranch - A group of farm buildings on the east side of Lake
Darling would be protected with a levee.

Feature E: Downstream Urban Levees - Levees would be constructed around eight
urban areas to provide protection from the flood water releases
from Lake Darling. The urban areas include Johnson's Addition,
Brook's Addition, Tabbot's Nursery, Country Club Acres and
Robinwood Estates, Kings Court and Rostad’s Addition, Tierrecita
Vallejo, Sawyer, and Velva. The levees at Velva are currently
being constructed, and other levees are undergoing advanced
engineering and design.

Feature F: Downstream Rural Measures - Numerous rural residences would be
provided flood protection through relocation out of the
floodplain, flood proofing measures, or construction of levees.

Feature G: Gassman Coulee Flood Warning - A flood warning, system would be
installed at Gassman Coulee to provide the police or fire
department enough time to evacuate the portions of Minot which
would be damaged by a flood from this coulee.

Feature H: Refuge Features - Many of the dams, roads, trails, and boat launch
facilities on the Upper Souris refuge would have to be upgraded in
order to ensure their continued operational capabilities during
the controlled release of flood water (refer to table 2).

Feature I: Carp Control Structure - A carp control structure would be
installed below dam 357 to ensure that the controlled release of
flood water did not enable carp to become established in the U.S.
portion of the Souris Basin.

3.06 Another important part of the Lake Darling plan is the schedule for
release of flood water stored behind the Lake Darling dam. Development of a
floodwater release plan required careful coordination among those affected by
the releases. Major factors influencing the development of a flood operation
plan 1included: the levees at Minot are designed to withstand flows of 5000
cfs; large tracts of agricultural land adjacent to the river cannot be used
unless flows are below approximately 500 cfs by 1 June; J. Clark Salyer NWR
cannot perform required management activities unless flows are below 150 cfs
by 15 June. The agreed-upon flood operation plan calls for maximum releases
to be less than 5,000 cfs prior to 15 May, less than 2,500 cfs between 15 May
and 1 June, and below 500 cfs after 1 June. ’

SOURIS BASIN PLAN

3.07 The basis of the Souris Basin Plan is that flood protection for the city
of Minot could be provided with storage of floodwater in Saskatchewan. The
plan would enable 100-year protection for Minot without a raise of the Lake
Darling Dam. The four aspects to this plan (Canadian storage of floodwater,
flow releases from Canada, regulated flow releases from Lake Darling, and the
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BASIN STUDY

PLATE 1:
SOURIS RIVER
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Table 2: Comparison of Features in the Lake Darling and Souris Basin Plans
(yes = feature part of plan, no = feature not part of plan)

FEATURE LAKE DARLING PLAN

FLOOD OPERATION PLAN
(downstream of Lake Darling)

LAKE DARLING DAM RAISE
Embankment

Spillway

Outlet Works
Reservoir Relocation
Utility Relocation

RENVILLE COUNTY PARK
MCKINNEY CEMETERY
ECKERT RANCH

REFUGE STRUCTURES:

Upper Souris Refuge:
Upgrade Dam 41
Raise Service Road
Replace Spillway Fishing Area
Raise Boat Launches
Modify Fences Along Roads
Heaters/Actuators at Dam 96
Upgrade Dam 96 Gates
Relocate Boathouse and House
Water to Ponds A,B,C, 96 A&B, 87
Levee construction plus dike removal
at pool 87

J. Clark Salyer Refuge:

Carp Barrier
Heaters/Actuators on all Dams
Upgrade and Raise Dam 326
Upgrade and Raise Dam 332
Upgrade and Raise Dam 341

Low Flow Conduit at Dam 320
Pothole Construction
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yes

yes
yes
yes
yes
yes
yes

yes

yes

yes

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
yes
yes
yes

SOURIS BASIN PLAN

(D

no
no
no
(2)
no
no

yes
no

no

no
no
no
no
no
yes
yes
no
yes
yes

yes
yes
yes
yes
yes
yes
no




va

Table 2: Comparison of Features in the Lake Darling and Souris Basin Plans
(yes = feature part of plan, no = feature not part of plan)

(cont.)

FEATURE LAKE DARLING PLAN SOURIS BASIN PLAN
DOWNSTREAM URBAN LEVEES:

Johnson's Addition yes yes
Brook's Additionm yes yes
Talbott's Nursery yes yes
Country Club Acres

and Robinwood Estate yes yes
King's Court and Roslad's

Addition yes yes
Tierrecita Vallejo yes yes
Sawvyer yes yes
Velva Levees yes yes
Minot Channel yes yes

RURAL MEASURES

Floodproofing 106 residences yes yes
Purchase of Flowage Easements yes yes
GASSMAN COULEE PROTECTION yes yes
COMPENSATION TO MANITOBA yes (3) yes (3)
FLOOD STORAGE AT RAFFERTY DAM no yes
FLOOD STROAGE AT ALAMEDA DAM no yes
FLOOD OPERATION IN SASKATCHEWAN no yes

(1) Flood operation for the Souris Basin Plan is the same as the Lake
Darling plan except that the duration of 500 cfs flows is extended
during control of the 50- to 100-year events. For the 75 to 100-year
events the release of 5000 cfs is extended to 1 June.

(2) The gated outlet works and appurtenant structures would be redesigned
to allow operation for flood control.

(3) Manitoba has indicated that the compensatibn package for the Lake

Darling or Souris Basin plans needs modification. Further discussion
and resolution of this issue need to be completed.
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other features downstream of Lake Darling common to the Lake Darling plan) are
described in the following paragraphs. A comparison of features included in
the Lake Darling and Souris Basin plans is given in table 2.

Canadian Storage of Floodwater

3.08 The province of Saskatchewan is currently planning to construct two
large multi-purpose dams (Rafferty and Alameda Dams - see plate 1) to provide
irrigation water, recreational benefits, and cooling water for the proposed
Shand power plant near Estevan, Saskatchewan. The Souris Basin flooda control
plan calls for increasing the size of the two proposed Canadian dams so that
flood water could also be stored in these two reservoirs. In order to get the
required flood control, the U.S. would pay up to 41.1 million dollars to the
province of Saskatchewan for the construction of larger dams. The U.S. would
also agree to allow Saskatchewan to retain a greater portion of the water in
the Souris River to offset evaporation losses from the storage of floodwaters
in the proposed reservoirs.

Release of Water from Canada

3.09 Under the Boundary Waters Treaty of 1909, an interim agreement in 1959 to
govern the apportionment of water between the U.S. and the province of
Saskatchewan. This agreement states that the Province of Saskatchewan shall
deliver at least 50 percent of the natural runoff as measured at the Sherwood
gage to the United States. The Sherwood gage is located on the Souris River .8
mile below the U.S. - Canadian border.

3.10 As part of the project to purchase flood control in the proposed Canadian
reservoirs, an agreement between the U.S. and Canada would be instituted to
address release of water during flood periods and retention of water during
non-flood periods. The major aspects of this agreement are described below.

a) Non-Flood Releases - Under existing conditions, North Dakota is
entitled to 50 percent of natural runoff at Sherwood. wWith the project an
"evaporation sharing agreement” would be instituted and would allow the
Province of Saskatchewan to deliver only 40 percent of natural runoff to Nerth
Dakota under certain conditions. This reduction in North Dakota’s share of
the water would be used to offset evaporation losses from Rafferty and Alameda
reservoirs. The following operating rules would be established to ensure to
the extent possible that North Dakota’'s water supply is protected and to
determine when the evaporation sharing would occur:

Saskatchewan will pass 40 percent of natural flows in the Souris
River (as measured at Sherwood) with the following exceptions:

o If Lake Darling is less than elevation 1592.0 {(msl) on 1 October
in any year, then Saskatchewan will pass 59 percent of the
natural flows until the level of Lake Darling is above elevation
1593.0 (msl) on 1 October.

o] If flow at Sherwood is less than or equal to 15,000 acre feet in

any year, then Saskatchewan will pass 50 percent of natural
flows in that year.
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This evaporation sharing agreement has been fully agreed to by the State of
North Dakota and the Province of Saskatchewan, and 1is consistent with
evaporation losses attributable to the flood control portion of the reservoirs
in Canada.

b) Releases of Flood Water - Releases from Rafferty and Alameda Dams
would be planned to restrict the maximum discharge at Sherwood to 3200 cfs for
floods up to and including the 50-year frequency. For floods between the 30-

and 100-year frequency, the reservoirs would be operated to restrict the
Sherwood maximum discharge to 4000 cfs.

Release of Water from Lake Darling

3.11 Under the Souris Basin Plan, Lake Darling would be used to re-regulate
the flood flows from Canada to prevent flooding at Minot and to conform to the
5,000~2,500-500 cfs release plan proposed under the Lake Darling project (see
paragraph 3.06). The conservation pool for Lake Darling would also be raised
from 1596 to 1597 in order to provide additional water storage capacity for
anticipated shortages during dry years.

3.12 Since the Souris Basin plan would control larger floods (i.e. the 25- to
100-year events), it requires extension of the 5,000-2,500-500 cfs release
plan for discharges from Lake Darling. For events smaller than the 50-year
flood, the release plan would be identical to that of the Lake Darling plan
(paragraph 3.06). During events larger than the 50-year flood it would be
necessary to prolong the duration of the 500 cfs releases so that all of the
stored floodwater is eventually released. For floods in the range of the 75-
to 100-year events the 5000 cfs releases would be extended beyond 15 May with
a cutback to 500 cfs by 1 June. The discharge of 500 cfs would last until
late October for the 50-year event, and until February of the following year
for the 100-year event.

3.13 It would also be necessary to have larger preflood springtime drawdowns
in order to lower levels in the reservoirs to provide enough volume for
storage of the larger floods (i.e. for events larger than the 50-year flood).
During control of the 100-year event, preflood drawdown would begin in
February and slowly increase until 2500 cfs were being released from Lake
Darling in mid March when the flood began. Like the floodwater release plan,
the preflood drawdown plan is the same for both the Souris Basin and Lake
Darling alternatives for the smaller flood events (i.e. floods smaller than
the 50-year event).

Other Features

3.14 The following features were described under the Lake Darling plan and
are also included in the Souris Basin Plan:

Feature C: Renville County Park
Feature E: Downstream urban levees
Feature F: Downstream rural measures

Feature G: Downstream flood warning system
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Feature H: Refuge structures {(table 2 summarizes those refuge structures
which are included in the Souris Basin plan)

Feature I: Carp control structure.
SELECTED PLAN

3.15 The Souris Basin plan is the selected plan because the congressional
authorizaticn for this study specifically directs the Corps of Engineers to
pursue providing flood protection along the Souris River through participation
in the construction of multipurpose reservoirs in Saskatchewan (see paragraph
2.03). The Souris Basin plan is preferred over other plans because it
provides 100-year flood protection and would not have as many adverse
environmental impacts in the U.S. portion of the watershed as other plans
which provide 100-year protection. The Lake Darling plan is not preferred
because it would not control the larger floods, economic damages associated
with larger floods would be excessive, and the adverse environmental effects
of the selected plan would not differ much from those of the Lake Darling
plan.

3.16 The selected plan would result in environmental damages which are
similar to those of the Lake Darling project: reduction in habitat quality
due to changes in flow regime during flood years; reduction in waterfowl
production on the two National Wildlife Refuges due to disrupted management
capabilities during flood years. Various measures to compensate for flood
control 1impacts have been proposed under the Burlington Dam and Lake Darling
studies. These measures were used as the basis for developing a habitat
compensation package for the proposed Souris Basin plan. The proposed
compensation plan is very similar to the plan developed for the Lake Darling
Four-Foot Raise project. It focuses on compensation through increasing wetland
values and management capabilities on the two National Wildlife Refuges rather
than purchasing additional private land (a compromise reached under the
Burlington Dam study)

3.17 As part of the mitigation analysis, the potential impacts of the
proposed plan and benefits from proposed compensation features were quantified
using avallable information on future hydrologic conditions (appendix 4). Much
of the same data used for the Lake Darling analysis was reused in this
mitigation analysis. The results of the analysis indicated that net overall
losses associated with the proposed plan would be approximately 1330 AAHU '
(table 3) and that the benefits provided by the proposed plan (Table 4) would
mitigate for approximately 89% of the anticipated quantifiable losses on a
basin wide basis. Quantifiable impacts on the Upper Souris River and J. Clark
Salyer National Wildlife Refuge would be compensated for by about 123%.

COMPARATIVE IMPACTS OF ALTERNATIVES

3.18 Table 5 presents a comparison of the impacts of the selected plan to
those of the Lake Darling plan.

AAHU = Average Annual Habitat Unit. One Habitat Unit (HU) is equal to one
acre of optimal habitat. These are averaged over the life of the project to
g&ive AAHU (see appendix 4).
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Table 3: Impacts (in AAHU) of the Souris Basin

Plan

AAHU AARU

with without AAHU

ID Species Name project project change
1l Wetland seg 1 & 2 46.70 64.34 -17.60
2 Wetland seg 3 552.16 565.39 -13.22
3 Wetland seg 4 & 5 332.54 338.14 -5.60
4 Wetland seg 6 8,057.43 8,127.83 -70.39
5 Wetland seg 7 15,192.58 16,080.00 -887.41
6 Woodland seg 1 & 2 0.00 0.00 0.00
7 Woodland seg 3 109.92 111.01 -1.09
8 Woodland seg 4-6 5,444.92 5,481.32 -36.30
9 Woodland seg 7 1,386.23 1,418.00 -31.77
10 Agland seg 1 & 2 0.00 0.00 0.00
11 Agland seg 3 27.08 27.08 0.00
12 Agland seg 4-6 2,420.43 2,595.24 -174.81
13 Agland seg 7 98.24 98.21 0.04
14 Grassland seg 1 & 2 0.00 0.00 0.00
15 Grassland seg 3 10.09 10.38 -0.29
16 Grassland seg 4-6 2,888.25 2,962.77 -74.21
17 Grassland seg 7 1,448.66 1,466.24 -17.58
TOTAL -1,330.25
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Table 1: Features Proposed to Compensate for the Impacts

Plan

of the Selected

Feature

J. Clark Salyer NWR:
Raise Dams 326, 332,
and 341

Lowflow conduit at
dam 320

Upper Souris NWR:
Conduit to ponds A,B,C, .
pool 96, pool 87

Description

Raise dams by 1 foot to
maintain vegetation
management capabilities

Construct conduit through west
end of dam 320 to improve
habitat quality at the upper
end of pool 326

Construct a water supply conduit
from Lake Darling to pools 96
and 87 to increase managability
and habitat values

TOTAL

Benefits

863 AAHU

25 AAHU

300 AAHU

1188 AAHU

Note: Quantifiable losses on the NWR are estimated at 969 AAHU, resulting in
123% compensation of quantifiable refuge losses.
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1.00 AFFECTED ENVIRONMENT

1.01 This section describes the environment and resources which would be
affected by the two flood control alternatives. The first part of this section
(Existing Envirionmental Conditions) gives an overview of the Souris River
Basin and 1identifies the significant resources associated with the project.
The section concludes with a description of future conditions without
implementation of any flood control project (Future Environmental Conditions
Without Flood Control). This last portion is especially important because
these conditions are compared to future with-project conditions in section
5.00 to document the environmental effects of the proposed action.

EXISTING ENVIRONMENTAL CONDITIONS

1.01 The Souris River headwaters are in the Canadian Province of
Saskatchewan. The river crosses the international border near Sherwood, North
Dakota, and makes a 358-mile loop through Renville, Ward, McHenry, and
Bottineau Counties before entering the Province of Manitoba near Westhope
(Plate 1). The Souris River basin is an area of approximately 24,800 square
miles, of which 15,480 are in Canada and 9,320 are in the United States
(almost entirely in North Dakota).

4.02 The existing conditions in the Souris River Valley upstream of Verendrye
are those of a small stream in an oversized valley. The valley floor averages
three-quarters of a mile wide and lies 100 to 200 feet below the ground-
moraine plain. The valley walls are fairly steep-sided. Downstream of
Verendyre, the river valley is in the flat glacial Lake Souris area, and is
one-half to 3 miles wide.

4.03 Two U.S. Fish and Wildlife Service (FWS) National Wildlife Refuges (NWR},
the Upper Souris NWR and the J. Clark Salyer NWR, impound extensive reaches of
the upper and lower Souris loops, respectively. The FWS-owned Lake Darling Dam
in the Upper Souris National Wildlife Refuge is the largest impoundment. Its
purpose is to supply water to downstream impoundments in both refuges, however
it has also been operated to provide some flood storage during spring runoff.
The two refuges are nationally known for their waterfowl production. The
diversity of habitat in the refuges and along the entire length of the Souris
River also supports numerous other wildlife species.

4.04 Agriculture is the primary business in the Souris basin, and there are
many small farming communities in the area. Minot is 1located near the
midpoint of the Souris loop and is the region’s major center for commerce,
manufacturing, and services.

4.05 Land use trends, including floodplain development and wetland drainage,
may be contributing to the floodplain problems in the area. For smaller, more
frequent events, wetland drainage reduces flood storage capacity in the basin
and increases runoff into the river and its tributaries.

4.06 The Souris River floodplain forest comprises about 2 percent of North

Dakota’s forests. This constitutes a significant resource in a State that
ranks 50th in the country {n total forest acreage.
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1.07 Population in the Souris basin is unevenly distributed among the seven
counties:

1980 Population

Bottineau County 9,338
Burke County 3,822
McHenry County 7,858
(includes city of Velva, 1,101)
Mountrail County 7.679
Pierce County 6,166
Renville County 3,608
Ward County 58,392

{includes city of Minot, 32,843)

4.08 During the 1970’s, this North Dakota study area declined in population by
3.5%, but the city of Minot actually grew slightly, and has a fairly stable
and diversified economic base. Flooding is a significant problem for Minot,
both in terms of intermittant crises, and as an ongoing restriction of
development in the floodplain.

SIGNIFICANT RESOURCES

Water Quality

4.09 Souris River - Souris River flows are variable, with flood flows
generally occuring in April or early May. Low flows generally occur from late
summer through fall and winter. Periods of no flow lasting from days to weeks
at a time are not uncommon during low flow periods. The Souris River can be
characterized as having high levels of dissolved solids (400-1300 mg/l),
sulfates (100-500 mg/l), and chloride (20-225 mg/l) with the higher levels
occuring during low flow periods. The North Dakota State Health Department has
observed that streamwater quality following runoff events will usually have
the following characteristics as compared to low-flow conditions: (1)
increased coliform counts (2) lower total dissolved solids, and (3) generally
no corresponding drop in phosphates comparable to that of the total dissolved
solids.

4.10 Non-point source pollution, particularly from agricultural sources, is a
major factor in the water quality of streams in the Souris Basin. The North
Dakota State Health Department has noted that non-point source pollution has
slowed the 1improvement of surface water quality despite the rapid waste
treatment advances that have been made by municipalities, industries, and
other point source dischargers.

4.11 The Minot sewage treatment plant is currently the most significant point
source on the Souris River. Discharges from municipal sewage lagoons have
caused occasional acute water quality problems in recent years, including fish
kills. This generally occurs during low flow periods when the discharge causes
dissolved oxygen depletion.

4.12 The State of North Dakota has classified the Souris River as a lA strean.
The quality of water in this class is suitable for the propagation of resident
fish species and for boating, swimming, and other water recreation. Treatment
for municipal use may require softening, and the treated water must wmeet
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bacteriological, physical, and chemical requirements of the State Health
Department. The quality of class 1A water also permits its use for irrigation,
stock watering, and wildlife without injurious effects.

4.13 0Of particular importance with the proposed project is the quality of
Souris River water as it enters the United States. Appendix 9 contains North
Dakota water quality standards for the Souris River and an analysis of ambient
water quality in the Souris River above the border prepared as part of the
Saskatchewan EIS studies. Two parameters are worth special note. Dissolved
oxygen levels frequently fall below the North Dakota standard of 5.0 mg/l
during the winter. Boron levels on occasion exceed the State standard of 0.75
mg/l. It should be noted that boron is relatively non-toxic to aquatic life
and the standards are set to protect more sensitive plant 1life, should the
water be used for irrigation.

4.14 Lake Darling =~ North Dakota has classified Lake Darling as a 2C cool
water fishery, capable of supporting growth and propagation of non-salmonid
fishes and associated aquatic life. The C-class characteristic (present degree
of eutrophication) applies to a lake that is presently somewhat degraded and
is progressing toward further degradation. The reservoir is shallow and is
expected to have a consistent pattern of weak and intermittent thermal
stratification for the months of May thru August.

14.15 Lake Darling is nutrient rich and currently experiences intense algal
blooms during the summer. These blooms are composed almost entirely of the
blue-green alga Aphanizomenon flos~aque. Die-offs accompaying algal blooms
exert high demand on dissolved oxygen and can cause the deeper areas of the
lake to become anoxic.

4.16 Low dissolved oxygen conditions have been a problem in the past in Lake
Darling, especially during winters that have a combination of factors that
induce “"winterkill" conditions such as low water levels, heavy snow cover,
cloudy ice, and long periods of ice cover. Documented winterkills have occured
in February-March 1in 1960, 1967, and 1978. Undoubtedly 1localized anoxic
conditions probably occur most winters but go undetected.

Water Supply

4.17 "Natural flow" on the Souris River at Sherwood is equally divided between
the United States and Canada under a 1959 agreement (paragraph 3.09). Since
establishment of the agreement, the U.S. has received between 40 and 125
percent of the natural flow depending on the volume of spring discharges. This
has occurred because the province of Saskatchewan has lacked the capability to
store their legal share of the runoff during high flows. Greater than 100%
natural flow can occur because drainage projects in Canada result in greater
runoff than would occur naturally.

4.18 Primary water rights along the U.S. protion of the Souris River (63,000
acre-feet per year) belong to the two FWS refuges. Rights to a smaller amount
of water are held by the city of Minot and a few private 1individuals. The
earliest water rights belong to the Eaton Irrigation District near Verendyre,
North Dakota. An international agreement also requires the U.S. to deliver a
minimum of 20 cfs in the Souris River to Manitoba, Canada from June to
October except during drought conditions.
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Aquatic Resources

4.19 The 358-mile Souris River loop in the United States provides habitat for
twenty-eight fish species representing eight families. Aquatic habitat occurs
in three distinct types - lake, riverine, and marsh. Lake Darling provides the
bulk of the lake habitat and the Souris River the riverine. The majority of
the marsh habitat is found in J. Clark Salyer Refuge, the upper reaches of
Lake Darling, and along the stretch of river below Lake Darling dam to Baker
Bridge.

4.20 Fish species found in the Souris River and Lake Darling are
characteristic of those found in warm to cool rivers in the Upper Midwest.
Northern pike (Esox lucius), walleye (Stizostedion vitreum vitreum), and
yellow perch (Perca flavescens) are very common and are the principal
sportfish. White sucker (Catostomus commersoni), black and brown bullhead
(Ictalurus melas and I. nebulosus), and fathead minnow (Pimephales promelas)
are the most common forage species.

4.21 Lake Darling - The Lake Darling fishery has been managed by the Fish and
Wildlife Service. Northern pike and yellow perch reproduce naturally in the
lake and the walleye fishery is supported by stocking. Angler use was
estimated at 27,348 fisherman-days in 1974-75. In the winter of 1979-80 ice
fisherman use for a three-month period was estimated at 1,138 fisherman-days.
A creel survey during the summer of 1983 estimated use for May thru September
at 11,335 fisherman-days with an estimated a harvest of over 6,000 pounds of
northern pike and over 1350 pounds of walleye.

4.22 A limiting factor in the management of Lake Darling (beside the lack of
walleye spawning habitat) is the problem of occasional winterkill. Winterkill
in Lake Darling is caused by a combination of factors that include winter lake
levels, 1ice clarity, snow cover, 1length of ice cover, nutrient levels, and
aquatic plant growth. Management personnel at the Upper Souris National
wWildlife Refuge have indicated that if water levels in Lake Darling are above
elevation 1593 winterkill conditions will generally not develop. They have
observed that when water levels are below 1592 the lake becomes susceptable to
winterkill subject to the other factors mentioned above.

4.23 During the period 1942-85 Lake Darling entered the winter below 1592
about 23 per cent of the time (10 out of 44 years). Years of documented
winterkill do not correlate with years of low water reinforcing the belief
that 1low water levels alone do not cause winterkill, they only make the lake
more susceptable to winterkill.

4.24 Souris River - The Souris River supports the same type of fishery in
terms of species as Lake Darling. However, it probably does not receive the
same fishing pressure. Unfortunately there are no studies documenting

fisherman use of the riverine portion of the study area.

4.25 Spawning habitat for walleye in the riverine areas is limited to areas
below low-head dams and isolated gravel-rubble-riprap deposits. J. Clark
Salyer National Wildlife Refuge has extremely good nothern pike spawning
conditions, but winterkill in these shallow impoundients severely limits fish
management. Other reaches of the Souris River suffer occasional winterkill
because of low flows and impaired water quality. Lake Darling is considered a
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primary source of fish for repopulating the riverine portions of the Souris
River.

4.26 The potential for project-induced migration of carp (Cyprinus carpio)
into the United States portion of the Souris River was a significant issue for
both the Burlington Dam and the Lake Darling projects. It is believed that
carp are confined at present to that portion of the Souris River downstream of
the Wawanesa Dam, Manitoba. The concern was that the Lake Darling project
would allow carp to pass over the Wawanesa Dam and facilitate upstream
migration. If carp were to migrate upstream of Wawanesa, they could establish
themselves in the pools of the J. Clark Salyer NWR where considerable habitat
is available. The habitat destruction that carp can cause is well known.

4.27 Since there are no physical or physiological barriers upstream, once carp
are established iIn the refuge, they could range freely through the U.S.
portion of the Souris and Des Lacs Rivers, eventually reaching the headwaters
in Saskatchewan.

4.28 An analysis was made during the Lake Darling project studies to determine
the existing condition, the circumstances under which carp would be able to
reach the U.S., and the effect of the Lake Darling project itself. A
discussion of the analyses may be found in appendix 1 to the Lake Darling
Final EIS. Copies can be obtained upon request from the St. Paul District.

Terrestrial and Wetland Resources

4.29 The terrestrial and wetland resources in the Souris Basin are described
in seven sections: grasslands, wetlands, floodplain forests, agricultural
lands, wildlife resources, National Wildlife Refuges, and threatened or
endangered species. The acreges of the different habitat types summarized by
geographic location are given in table 6.

4.30 Grasslands - Untilled grasslands provide important habitat for
prairie wildlife species. However, due to agricultural development, little
pristine native prairie grassland acreage remains in the Souris Valley.
Vegetative species that currently exist in this community include bluestem
grasses (Andropogon spp.), sages (Artemisia spp.), switchgrass (Panicam
virgatum), grama grasses (Bouteloua spp.), dropseed grasses (Sporobolus
spp.), needlegrasses (Stipa spp.), astors (Astor spp.), wild roses (Rosa
spp.), g&oldenrods (Solidago spp.), wild rye grasses (Elymus spp.), and
slender wheatgrass (Agropyron trachycaulum). Wildlife species which use
grassland habitat 1in the Souris Valley include white-tailed deer
(Odocoileus virginianus), red fox (Vulpes fulva), white-tailed jackrabbit
(Lepus townsendii), badger (Taxidea taxus ), sharp-tailed grouse
(Pedioecetes phasianellus), blue-winged teal (Anas discors}, willet
{Catoptrophous semipalmatus), and western meadowlark (Strunella neglecta).

4.31 Untilled grassland in the floodplain and on valley slopes is usually
heavily pastured. Inside refuge boundaries, grassland is maintained for
wildlife, with some farming and cattle grazing permitted when compatible
with refuge management. Private and Federal hoidings of grasslands total
about 15 percent of the land area in the Souris floodplain and roughly 20
percent 1in the United States portion of the basin (Lunan et al., 1973).

EISs-25




Table 6
Baseline Conditions-Terrestrial and Wetland Resources
Habitat Unit

Habitat Seggenc(l) Habitat Acres (2) Value (HUV)
Wetland 1-2 215 .43
3 1,346 .43
4=5 805 .43
6 15,926 .53
7 20,100 .80
Woodland 1-2 0 .71
3 157 .71
4=6 7,731 .71
7 2,115 71
Agricultural land 1-2 0 .35
3 82 .35
4-6 8,100 .35
7 350 .35
Grassland 1-2 0 .54
3 20 .54
4-6 5,708 .54
7 2,482 .66

(l)Segment 1 - Saskatchewan border to upper end of Lake Darling, Segment 2
- upper end of Lake Darling to Lake Darling Dam, Segment 3 - Lake Darling
Dam to Baker Bridge, Segment 4 - Baker Bridge to Burlington Dam, Segment 5
- Burlington Dam to Logan, Segment 6 - Logan to J. Clark Salyer NWR,
Segment 7 - J. Clark Salyer NWR.

(Z)Segments 1 and 2: wup to elevation 1597 in the r%ised Lake Darling
conservation pool. Segments 3-7: within the 5,000 ft°/s flooded outline
downstream of the Lake Darling dam.
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There are approximately 8200 acres of grassland downstream of Lake darling
which might be affected by flood control alternatives.

4.32 Wetlands - Wetland areas along the Souris River have a variety of
functions and provide a wide range of values. Potential functions of wetlands
include detention of floodwater, recharge of groundwater resources, removal of
sediment and contaminants from river water, protection of shoreline from
erosion, and provision of recreational and scenic values. The most notable
feature of the Souris River wetlands is the waterfowl habitat they provide.
Wetlands are used extensively as breeding habitat, feeding and resting areas
during migration, and for cover during molting, brood rearing, and other post-
breeding activities.

4.33 About 200 acres of wetlands occur in the backwater areas of Lake Darling
between elevations 1596 and 1597. Downstream of the lake there are
approximately 38,200 acres of wetland which might be affected by the flood
control alternatives, the majority of which are found on the Salyer refuge.
Common plant species in wetland areas along the Souris River include cattails
(Typha spp.), bulrushes (Scirpus spp.), sedges (Carex spp.), spikerushes
(Eleocharis spp.), reed canary grass (Phalaris arundinacea), common reed grass
(Phragmites communis), sago pondweed (Potamogeton pectinatus), smartweeds
(Polygonum spp.), arrowgrasses (Triglochin spp.), and burreeds (Sparganium
sSpp. ).

4.34 About 300,000 acres of wetlands in the Souris basin in North Dakota are
considered important to waterfowl. The type and quality of the individual
wetlands varies considerably. Easements are held by resource agencies on more
than 200,000 acres, and about 43,000 acres are managed exclusively or
primarily for fish and wildlife use (Water Resources Management Plan, 1981,
Souris-Red-Rainy Region, Upper Mississippi River Basin Commission). The
Souris-Red-Rainy Region Basin Commission has estimated that less than half of
the original wetland acreage in the basin remains. As the remaining wetlands
continue to be drained, waterfowl habitat and other wildlife habitat are
reduced. Wetlands owned and managed for wildlife purposes will become
increasingly important as the focus of available waterfowl habitat in the
basin.

4.35 Wetlands are a very valuable resource and yet are being rapidly lost to
agricultural and urban development. For this reason careful consideration was
given to potential impacts on wetlands, and reasonable measures to avoid and
mitigate wetland losses were given high priority.

4.36 Floodplain Forest - Floodplain forest 1is the smallest ecological
community in the Souris loop, but is very important because this type of
vegetation is scarce in North Dakota. The forests in the Souris River between
the North Dakota-Saskatchewan border and the upstrear boundary of the J. Clark
Salyer National Wildlife Refuge represent about 2 percent of the State’'s total
forests. About 10,700 acres of floodplain forest occur in the floodplain
between Lake Darling and the Manitoba border. Approximately 816 acres of this
total are in the Upper Souris Refuge, 7,731 acres are between the Upper Souris
and Salyer Refuges, and 2,115 acres are within the Salyer Refuge.

4.37 Predominant plant species found in the floodplain forest 1irclude elm
(Ulmus americana), green ash (Fraxinus pennsylvania), box elder (Acer
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negundo), bur oak (Quercus macrocarpa), willow (Salix spp.), cottonwood

(Populus deltoides), hawthorn (Crataegus rotundifolia, chokecherry (Prunus
virginiana), dogwood (Cornus stolonifera), wolfberry (Symphoricarpos
occidentalis), and wild rose (Rosa spp.). Wildlife species using floodplain

forest include white tailed deer, raccoon (Procyon lotor), beaver (Castor
canadensis), mink (Mustela vison), pheasant (Phasianus colchicus), wood duck
(Aix sponsa), great blue heron (Ardea herodias) and black-capped chickadee
(Parus atricapillus).

1.38 Agricultural Lands - Agricultural land in the Souris River floodplain is
used primarily for small grain farming (wheat), alfalfa farming, and grazing.
wildlife species that use agricultural lands include white-tailed deer, white-
tailed jackrabbit, red fox, striped skunk (Mephitis mephitis), gray partridge

(Perdix perdix), mallard (Anas platyrhynchos), Franklin’s gull (Larus
gigixcan). and horned lark (Eremophila alpestris). Most agricultural use

occurs on formerly native grasslands because the soil types are conducive to
dry-land agriculture.

4.39 There are about 8,580 acres of agricultural land downstream of Lake
Darling that could be affected by flood control alternatives. Of all acres
within the 5000 cfs floodplain there are about 6,860 acres of prime farmland
soil types 1in Ward County and about 6,810 acres in Bottineau County. The
McHenry County detailed soll survey was scheduled for completion in 1986, but
a generalized prime farmlands map provided by the Soil Conservation Service
(SCS) 1indicates that most of the area adjacent to the Souris River contains
less than 10 percent prime farmland soil types. The prime farmland
classification does not distinguish between those 1lands currently in
agricultural production and those that are in other wuses, but have the
potential to be prime farmland.

4.40 Wildlife Resources -~ Numerous wildlife species are dependent upon habitat
provided 1in the Souris River floodplain. Wildlife populations are highest on
the two National Wildlife Refuges (NWR) where there is an abundance of good
habitat and 1limited disturbance, and lowest in urban areas where lack of
habitat and frequent human disturbance results in less desirable conditions.
The predominant big game species in the Souris River Valley 1s the white-
tailed deer which relies upon the floodplain forest areas to provide winter
ccver and food. Numerous furbearers and other mammals 1including squirrel,
rabbit, mink, raccoon, and muskrat also depend upon habitat adjacent to the
river for critical 1life requisites. Many bird species use the river and
adjacent wetland areas for habitat during summer months. In addition, these
areas are 1important feeding and resting areas during spring and fall
migrations.

4.41 National Wildlife Refuges - The two Souris River national wildlife
refuges (NWR) contain the most valuable wildlife habitat along the river and
are important environmental concerns related to the proposed project. Both of
these refuges serve as important, dependable waterfowl %abitat reserves during
drought years. The primary purposes of the Upper Souris River NWR are
production of huntable waterfowl, provision of other necessities in the 1life
cycles of watertowl, and water supply to J. Clark Salyer NWR (through assured
released from Lake Darling). The Upper Souris refuge (containing 32,000
acres) also provides habitat for upland big game, furbearer, and nongame
species; winter cover for deer from the surrounding area; public use of
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refuge-related resources, including some haying and grazing; and prevention of
waterfowl depredations on private lands. There is also a significant amount
of big game (deer) hunting on the refuge. Lake Darling is used extensively
for walleye and northern pike fishing.

1.42 J. Clark Salyer NWR contains about 58,700 acres in Bottineau County
adjacent to and including about 75 miles of the Souris River. Five low-head

dams form large pools that provide important waterfowl habitat. The primary
purpose for the Salyer refuge is waterfowl production, and it is considered to
be one of the most productive refuges in the nation. Deer, upland game,

furbearers, and nongame species are also found on the refuge, as well as a
good northern pike fishery. J. Clark Salyer NWR is also an important stop-off
point for migrating waterfowl and other birds that breed in Canada in the
summer .

1.43 Threatened and Endangered Species -~ According to the U.S. Fish and
Wildlife Service, four federally-listed endangered species might be present in
the project area: the peregrine falcon (Falco peregrinus), the bald eagle

(Hallaeetus leucocephalus), the whooping crane (Grus americana), and the
piping plover (Charadrius melodus). The peregrine falcon 1is a seasonal
migrant, during the fall and spring, 1in the project area. Many bald eagles
migrate through the project area during the fall and spring, particularly
through the J. Clark Salyer Refuge. The project area contains no critical
habitat for either the eagle or the falcon.

4.44 During recent years, a number of sightings of whooping cranes have been
confirmed for the project area during spring and fall migration periods. The
cranes migrate between their wintering grounds around the Aransas National
Wildlife Refuge 1in Texas and their summer nesting grounds at Wood Buffalo
National Park, the Northwest Territories, Canada. The Souris Basin is on the
eastern third of the cranes’ primary migration route. They generally use
sandbars in slow moving rivers, and other areas with shallow surface water and
little emergent vegetation, to feed roost and loaf during migration (see
exhibit 1, Lake Darling Draft Supplement on Endangered Species Biological
Assessment of the Burlington Dam Flood Control Project).

4.45 The Souris River basin, including Lake Darling, was used by nesting
piping plovers between 1950 and 1972. Although suitable nesting habitat may
still exist in the basin, recent surveys by blologists from the U.S. Fish and
Wildlife Service and the North Dakota Natural Heritage Program failed to
document any breeding by piping plovers. A lone piping plover was seen at Lake
Darling 1in July of 1982, but this bird showed no indication of breeding
activity and was probably a migratory visitor.

1.46 Canadian Natural Resources - There are two regions in Canada which could
be affected by the various alternative flood control plans: (1) Souris basin
in Saskatchewan from the proposed Canadian reservoirs to the U.S. border; (2)
the Souris River Valley in Manitoba downstream of the U.S. border. The Souris
River Valley 1in Saskatchewan is very similar to the valley in the upstream
reaches of the U.S. portion of the basin. Most of the floodplain is
agricultural 1land and there are some wetlands in topographic depression and
areas where the valley is wider. Channel capacity is relatively large and |is
bordered by natural levees which are vegetated with a narrow row of trees.
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1.47 The Souris River in Manitoba flows through areas which are more similar
to the downstream reaches of the U.S. protions of the valley (i.e. downstream
of Verendyre). The river valley is wider and has more wetlands. Much of the
land adjacent to the river is cultivated and is subject to inundation when
flows on the river exceed 600 cfs.

Recreational Resources

1.48 National Wildlife Refuge-Operated Recreation Sites - Public use of
resources on the Upper Souris and J. Clark Salyer National Wildlife Refuges
ranges from traditional water-related activities (such as fishing, boating,
swimming, and picnicking) to big game hunting. Recreational water use at the
Upper Souris National Wildlife Refuge comprises 96 to 98 percent of total
annual refuge use (table 7). Estimated annual visitation has varied over the
last 10 years from a high of 121,502 in 1973 to a low of 32,741 1in 1978.
Spring flooding accounts for some of this fluctuation because it affects early
season (May/June) fishing activity, which accounts for 20 to 40 percent of
annual refuge use. Recreation facilities at J. Clark Salyer National Wildlife
Refuge include a 22-mile auto scenic trail; a 13-mile canoe trail complete
with 1interpretive brochure; photography and bird-watching activities along
trails and from observation towers; upland game; big game, and waterfowl
hunting; fishing; and picnicking.

Table 7
Upper Souris National Wildlife Refuge
Public Use Visitation, 1972-1982

(1)

Year Recreational Use Total Public Use
1972 22,324 46,092
1973 120,342 121,502
1974 71,558 73,281
1975 54,647 55,802
1976 37,356 38,140
1977 57,813 59,947
1978 31,540 32,741
1979 48,885 50,590
1980 88,237 89,813
1981(2) 82,762 85,665
1982 50,811 53,152

(1) Recreation activities include picnicking, swimming, boating, and fishing.
{2) Annual use only through September.

1.49 Refuge Fishing Activity - During the summer of 1983, a creel survey was
conducted by the U.S. Fish and Wildlife Service on Lake Darling. Some of the
key findinge reflecting current refuge use include the following:

1. Forty-four percent of observed fishing pressure between April 30 to
September 5, 1983, occurred at the dam, 44 percent at Grano Crossing, and 12
percent at Greene Crossing.

EIS-30




2. Twenty-one percent of fisherman interviewed were from the Minot Air
Force Base.

3. Sixty-nine percent of all fishing was from shoreline. Shoreline
fishermen caught about 63 percent of all fish recorded. The average number of
people per fishing party was 2.2, and the average length of fisherman day was
3.0 hours.

1. Average number of fish caught per hour of effort was .088, and an
estimated total fishing pressure of 11,335 person-days. Sixty-six percent of
harvest was northern pike, followed by smaller percentages of walleyes, yellow
perch, and smallmouth bass.

4.50 Natural Landmark Program - The Upper Souris Refuge has been identified by
thne U.S. Department of the Interior (in its ecological theme analysis of the
Great Plains Natural Region) as having outstanding natural features
potentially suitable for a natural landmark designation. These features
include stable communities of deciduous lowland forests and native grasses
plus seasonal concentrations of native animals, especially waterfowl.

1.51 Appendix 5 contains a listing of other recreational sites in the project
rea.

Aesthetic Values/Visual Resources

1.52 J. lark Salyer NWR and the Souris River Valley between Burlington and
the Saskatchewan border including the Upper Souris Refuge are regionally
unique areas of high aesthetic value. A diversity of habitat types and
topographic <characteristics found in the river valley provide unique visual
aspects within the northern greatplains landscape. The visual aspects of the
refuge’s <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>